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The Pace of Victory 
Permits Only A 
Congratulatory Handshake! 


’ American Industry well merits a decoration for its brilliant record in 
the Mighty 7th! But, as our newly decorated Pacific heroes quickly return to combat, so in- 
dustrial leaders aren’t resting on their laurels. Back into Bond action—they are now 


busy consolidating recent Payroll Savings Plan gains! 








First, many executives are now patriotically working to retain 


=> 
— 


the substantial number of new names recently enrolled during the 7th War Loan. 
By selective resolicitation, they are urging all new subscribers to maintain Bond 
buying allotments. 

Seeond, many are also employing selective resolicitation to 


urge every worker who increased his or her subscription in the 7th to continue 





on this wise, saving-more-for-the-future basis. | 


Help to curb inflationary pressures and harvest peacetime prosperity by holding the number 
of Payroll Savings Plan subscribers—and amounts of individual subscriptions—to the mark 
set in the Mighty 7th! 

3 


The Treasury Department acknowledges with appreciation the publication of this message by 





THE PETROLEUM ENGINEER 


% = This is an official U.S. Treasury advertisement prepared under the auspices of Treasury Department and War Advertising Council = 
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Editorial 1 


AL AVING to get along with limited matérials and at the same time meet 
an ever-mounting demand for petroleum and petroleum products, the 
industry for more than three years now has been passing through a period 
of accelerated progress, assertedly the period of greatest progress in the 
history of the operating branches of the industry. Under normal conditions 
it would have taken many years to develop and apply the processes and 
practices put into use since the beginning of the war. _ 








Refining, for example, has undergone a revolution in technological 
development and processing methods for the manufacture of war products. 
Three years ago we were producing less than 50,000 barrels a day of 100- 
octane fuel. Since 1942, plants have been built that are now turning out 
hundreds of thousands of barrels daily of this valuable war product. Dur- 
ing the same period plants have also been built to produce from crude 
oil raw material for the manufacture of more than 800,000 tons of syn- 
thetic rubber annually. | 


Through improvements in production practice it has been possible to 
maintain an efficient rate of production of crude oil in volume. Largely 
as a result of field and laboratory research, it can be said that the inordi- 
nate demands of war for crude oil have been filled without serious impair- 
ment of present fields and facilities. Because of its potential uses as a raw 
commodity for the manufacture of a variety of industrial products, the 
production and utilization of natural gas are destined to be subject to 
much closer scrutiny in an effort to husband this valuable natural resource. 


A reflection of all this progress is seen in the petroleum literature. ; 
Of the papers presented before the leading technical societies and other 
industry associations, those selected for publication in this issue deal with 
important new processes and practices. They all have one thing in com- 
mon: They reveal new horizons and point the way to greater efficiencies 
and economies. 
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OIL WELL CASING FAILURES* 
By ROBERT J. KETTENBURG and FREMONT R. SCHMIEDER, Shell Oil Company, Inc. 


FIG. | 


ON February 8, 1943, at a point mid- 
way between Shell Oil Company, Inc., 
Taylor 60 and 85 in the Ventura Avenue 
oil field, muddy salt water with a little 
gas began flowing from a side hill at 
rates varying from 4000 to 10,000 bbl. 
per day. (Fig. 1). On February 10, a 
400-ib. casing pressure drop was noted 
at the well head of Taylor 116, located 
950 ft. southwest of the surface blowout 
and the well was then shut in. A pressure 
survey made on February 10 indicated 
a pressure of 1710 lb. per sq. in. at a 
depth of 7500 ft., this pressure being 
about 300 tb. per sq. in. less than expect- 
ed. A pressure survey on the following 
day, 22 hr. after the well had been shut 
in, showed a pressure of only 1680 Ib. 
per sq. in. at the same depth and a third 
run 24 hr. later showed no increase in 
the bottom hole pressure. No direct evi- 
dence of a leak in the casing was indi- 
cated by these results but a temperature 
survey run in Taylor 116 en February 
13, showed an abrupt increase in tem- 
perature from 90°F. to 106°F. in the in- 
terval between 1100 ft. and 1175 ft., indi- 
cating fluid flowing away from the well 
bore at that interval. 

The exposure (Fig. 2) at the crater 
showed that it was in a faulted zone and 
this, together with the fact that the elec- 
tric log of Taylor 116 showed a faulted 
zone in the interval 1100 ft. to 1175 ft., 
indicated it was likely that salt water, 
motivated by gas escaping from a hole in 
the water string at Taylor 116, migrated 
through this faulted zone to the surface. 

On February 21, 63 lb. Aquagel mud 
was circulated into Taylor 116 and the 

- flow from the surface blowout ceased as 
soon as mudding operations at Taylor 
116 were completed. 

The tubing of Taylor 116 was then re- 
covered with some difficulty and a hole 
in the 754-in. casing was located by in- 


*Presented before American Petroleum Insti- 
tute, Pacific Coast District Division of Produc- 
tion, Los Angeles, California, March 29, 1945. 
Subject to correction. 
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FIG. 2 
TAYIOR 116 
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serting a removable cementer on tubing, 
setting the cementer and applying pres- 
sure between the packers of the cementer 
(about 20 ft. apart), and raising and re- 
setting the cementer until the hole was 
finally located at 2470 ft. After the hole 
was found, the cementer was set, strad- 
dling the hole, and 1250 bbl. of mud were 
pumped through the hole. The mud was 
followed by 1625 sacks of cement, 
pumped in three stages of 1000, 500, and 
125 sacks each. After the last job, no 
fluid could be forced away at 2500 lb. 
per sq. in. pressure. The tubing was re- 
landed and the well returned to produc- 
tion flowing at a normal rate. Subsurface 
pressure measurements then showed a 
formation pressure at 6475 ft. subea, the 
mid-point of the perforated interval. of 
2020 lb. per sq. in. as compared to 1580 
lb. per sq. in. prior to repairing the hole 
in the 754-in. casing. 

Although no other well casing failures 


contributed to such a spectacular crater . 


to date, there are on record several 
known failures of this general type in the 
Ventura field alone. 

Inquiries began to come in from other 
parts of the United States, of which the 
following was typical: “In one of our 
south Louisiana fields, a somewhat simi- 
lar condition exists to your Taylor 116, 
and if you prepare a report covering the 
trouble experienced and corrective meas- 
ures taken, we would appreciate receiv- 
ing a copy. In our case, all the shal- 
low sands are charged, and we are now 
engaged in drilling a directional well in- 
to the sand of the well on which the cas- 
ing failed (the well having cratered be- 
fore the casing leak was discovered) .” 
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Schematic Drawing A 
Casing failures Edison 42, Ventura. 
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Schematic Drawing B 
Casing failures Taylor 177, Ventura, 
NO. 1 BREAK 
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FIG. 3 


Until 1944 when samples were re- 
covered of materials that had definitely 
failed in the well bore hole little progress 
had been made in the way of understand- 





ing the exact nature of the failures. Even 
electrolysis was considered as a possible 
explanation of the casing leaks being ex- 
perienced. However, with the drilling of 
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Shell's Edison 42, material failures be- 
gan to unravel themselves and we find 
the following events transpiring. 


@ High pressure zone development. 
Ventura field. Various operators started 
development of the so-called D-7 zone, 
which is found at approximately 9000 ft. 
and includes about 750 ft. of formations 
measured stratigraphically with forma- 
tion pressure of 8000 + Ib. per sq. in. 

The first well completed in this zone 
was Shell Oil Company, Inc. Gosnell 55 
in 1937. This well had 654-in. shut off at 
9180 ft. and was bottomed at 9366 ft. It 
required mud weighing 125 Ib. per cu. 
ft. to control the well while drilling in 
the D-7 zone. After the drilling of one 
other D-7 zone well, the Tide Water Asso- 
ciated Lloyd 135, drilling and producing 
the D-7 zone well was suspended until 
1942, when Alliance Petroleum €orpo- 
ration Hisey 5 was completed. The well 
produced about 6 months and became 
plugged with asphaltine and sand, both 
inside and outside the tubing. It later de- 
veloped that there was a hole in the 7-in. 
casing near 7000 ft. The highest shut in 
casing pressure thus far noted has been 
5200 lb. per sq. in. and bottom hole pres- 
sures of 8000 to 9000 Ib. per sq. in. are 
indicated by the weight of mud required 
to keep wells under control. With the 
drilling of Shell's second D-7 zone well, 
Edison 42, the probable cause of casing 
failure began to reveal itself. 


@ Casing failures in wells. 


Edison 42. 
Spudded in—September 10, 1943. 
First completion—December 19, 1943. 





Final completion—September 17, 
1944. 
16-in. casing cemented at 120 ft. 
1134-in. casing cemented at 1504 ft. 
7-in. casing cemented at 9900 ft. 
Detail of 7-in. string (See Schematic 
Drawing A)—0-1357 ft., 26-lb., 
J-55, internal upset; 1357-5811 ft., 
26-lb., N-80; 5811-7809 ft., 29-lb., 
N-80; 7809-9900 ft.,; 32 lb., N-80. 
5-in. casing cemented at 9810 ft. 
5-in. liner landed at 9858-11,227 ft. 
Several days after the well began flow- 
ing, the tubing sanded up and the casing 
pressure built up to 5000 lb. per sq. in. 
While killing the well with 120-Ib. mud, 
the casing failed with the surface pres- 
sure at 4500 lb. per sq. in. The failure 
was later found to be a split collar at 
1581 ft. The failure was in 7-in., 26-ft., 
N-80 casing and N-80 long couplings. 
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The coupling failure (Fig. 3) showed 
the steel to be badly laminated, causing 
a decrease in tensile strength. As the cas- 
ing had only been in the well a short 
time, it was definitely a case of defective 
material. The failure was repaired with 
a casing, bowl. 

A second failure occurred while test- 
ing with cement plug in the bottom of 
the 7-in. casing. The surface pressure 
was 3800 lb. per sq. in. and 80-lb. mud 
made a differential pressure of 4800 lb. 
per sq. in. at 8360 ft. where the hole was 
found. This hole was cemented and a 






FIG. 8 


string of 5-in. casing was cemented in- 
side the 7-in. before the well was com- 
pleted. The exact type of failure could 
not be determined from the information 
at hand. 
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TABLE |! 


Table of pressure tests to locate bursting failures and collar leaks in 7-in. casing. 




















Ib., no leakers were found. 





Type | Size, weight and | Test | Joints | No. | Percent | Per cent leakers by pressure groups 
casing | grade | pressure | tested | leakers | leakers | | | 
| 4000-5000 | 5000-6000 | 6000+ 
A | 264b.,N-80 casing... 6000 | 300 | 64 1 6|)CO 14 an 
J-55 collars... .| 
B | 264b., N-80.........| 6000 10 8 80 12 25 63 7 
C | 26-1b.. N-80.........| 6000 10 3 30 | 67 33 os 
D | 26Ib.,.N-80.........| 6000 12 0 0 ‘oe 
E | 321b. N-80.........] 7000 5 1 20 | 100 
F | 324b.,N-80......... | 7000 | 20 13 65 4. 8 | 46 
G | 204b.N-80......... | 7000 | 5 1 20 | 100 
H* | 26b., N-80......... | 6000 | 10 0 0 - | 8 2 
| gm | 00 | 2 “u | 146 ox 
*Integral joint. 


Remarks: One joint of D 26-lb. was tested on up to 8000-lb. and began to leak slowly at 7800-lb. The two 
lowest leakers from one of the B & H groups had the collars 1 
Four other joints of the same type pipe were given this same check and when the group of six was tested vo 6000- 


Two joints of the 26-Ib.' integral joint casing were tested to 7000-lb. without leaking. 


removed, cleaned and reset, using new lubricants. 








Taylor 177. 

Spudded in—February 27, 1944. 

Completed—July 23, 1944. 

1334-in. casing landed at 696 ft. 

954-in. casing froze, landed at 4810 ft. 

7-in. casing cemented at 9110 ft. 

Detail of 7-in. string (See Schematic 
Drawing B)—0O-4700 ft., 26-Ib., 
\-80 pipe with J-55 collars; 4700- 
8300 ft., 26-lb., integral joint; 8300- 
9000 ft., 30-lb., integral joint. 

»-in. liner landed at 10,288 ft. 

5-in. liner top at 9074 ft. 

2%-in. tubing hung at 8992 ft. 

\ failure occurred at this well while 
pumping oil outside the tubing with a 
pressure of 3500 lb. per sq. in. prepara- 
tory to bringing the well in. While 
changing orfice, the surface pressure 
built up to 4050 lb. per sq. in. and then 
dropped to nothing. The break was 
ound in the 7-in., 26-lb., N-80 casing at 
i depth of 2058 ft. with a differential 
pressure between the inside and outside 
if the casing equal to 3900 lb. per sq. in. 
This pipe had J-55 couplings. The same 
‘asing was rerun and spliced to the stub 
with a casing bowl and while testing 
with water with a surface pressure of 
1000 lb. per sq. in. and a differential 
pressure of 3800 lb. per sq. in., the cas- 
ing broke at 497 ft. The T&C pipe was 
then removed and replaced with 32-lb. 
integral joint casing, which was spliced 
to the 29-lb. stub with a casing bowl. The 
casing withstood a pressure test of 5200 
lb. per sq. in. The failures are shown in 
Figs. 4 and 5. It will be noted that both 
failures occurred at the field end and 
have a somewhat common pattern in 
that there is a break around the circum- 
ference and along the axis of the pipe. 
There was some discussion among mill 
engineers regarding the effect of notches 
caused by the tong dies. Notches in the 
surface of the casing cause internal 
strains that are often greater than that 
caused by the reduction in cross section. 
Notch sensitivity is more pronounced in 
the higher grades of casing than the 
softer more ductile grades. 

Paloma field. During December 1944, 
a string of 7-in. casing was run in a well 
in the Paloma field and cemented at 
11,400 ft. Before drilling out the cement 
plug, a pressure test was made of the 
blowout prevention equipment and the 
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casing failed at 3650 ft. with a differ- 
ential pressure of 1500 lb. per sq. in. 
Difficulty was experienced in fishing and 
washing over, but the casing was finally 
recovered and the failure corrected with 
a casing bowl. The failure shown in Fig. 
6 occurred in 26-lb., N-80 casing with 
J-55 collars. The failure was about 15 ft. 





from the end of the joint and showed the 
steel to be badly laminated. This defec. 
tive material definitely decreased the 
bursting strength of the pipe and the 
weakness was, no doubt, caused during 
the manufacturing process. Hoop stress 
tests were made of rings cut from the 
joint that failed and the average residual 
stress calculated from W. M. Frame’s 
formula was 32,000 lb. per sq. in. 

By way of illustrating the need for 
more careful mill inspection methods, 
Fig. 7 shows some electric welded casing 
with a seam over 20-in. long that failed 
to be bonded and Fig. 8 shows a hole in 
seamless pipe caused presumably by 
scale being rolled into pipe that later fel] 
out leaving a thin-walled section. 


@ Hydrostatic pressure tests. Arrange. 
ments were made with one of the manu- 
facturers to conduct pressure tests in 
our pipe yard. It was decided that 6000 
ib. per sq. in. would be adequate and 
would simulate the pressure conditions 
in the well. Fig. 9 shows a triplex pump, 


ric. 9 





FIG. 10 
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APPENDIX—TABLE “A” 


Tabulation of casing failure data obtained from California operators. 
























































































































































No. 1 No. 2 No. 3 No.4 No.5 | No. 6 | No. 7 | No. 8 
Size 854-in. 7-in. 7-in. 85¢-in. 514-in. 7-in. Zin. =| 7-in. 
Weight 36 & 38-lb. | 26, 29, 32-lb. | 26, 29, 32-Ib. 32-lb. 17-lb. 26, 29, 30-Ib. | 26, 29, 30-Ib. | 24 & 28-lb. | 
Grade of casing and collar J-55, N-80 | J-55,N-80 | J-55,N-80 | J-65 | —N-808 N-80 N-80 | = N-80 | 
Type of joint Sq. thd., EU LT&C L T&C 8 rd. thd. API, LT&C ~LTAC, & ‘LT&C, ¢ & | “8rd. thd. | 
box & pin T&C integ. -joint integ. -joint sa 
Length of string 8500-ft. 9900-ft -9900- ft. 2035-ft. I 500-ft 91 10-ft. a1 10-ft. | GOT. 
Date of purchase ? 1941? ‘1941? ? Late 1941 | 194i i941? |... | 
Date of setting 3/25/41 12/43 12/43 3/21/44 4/9/42 | 7/44 7/44 9/ 15/41 | 
Date of failure 7/43 12/43 12/43 3, 23, 4 (found) 3, 44 7/44 8, 44 8/44 
Type failure or leak Progressive | Split collar | Split joint Cc ‘ollapse “Pipe ‘parted Burst in Burst i in Split 3-ft. 
leak body Pipe body pipe body pipe | 
on AS 
Depth of failure 1610 ft. 1581 ft. 8356-8366 ft. ~ 1940 ft. 7470 ft. ¥ 2057 ft. 497 ft. 4961-4964 ft. | 
Estimated differential pressure 1650 Ib. 4500 Ib. 4800 Ib. ~ 2700 2700 Ib. ‘v ariable 3900 tb. 4000 Ib. | 1000 Ib. 
per sq. in. | 
Operation at time of failure Flowing Killing well Testing “Reemta. Probably | Flowing Testing | Flowing 
at 120-Ib. casing for WSO producing casing through 
mud | tubing 
Probable cause of failure ? Defective y aknown Excessive U uhaown | Unknown Unknown ? 
material stress | 
Evidence of failure Repressured | Pressure Located Pressure Imp. block | “Recovered | Recovered | Additional | 
upper sand suddenly with dropped, cire.| showed water entry 
dropped off packers obtained, collar up 
D. P. stuck 
Was casing failure recovered? No Yes No No No | Yes Yes No 
Method of landing casing Slacked off Santa Fe Santa Fe | C emented 75 p per ‘cont of Bante Fe Santa Fe 
3%-in. coupling coupling to 'o surface | pipe weight | spool | spool 
Was pipe inspected by customer? Yes No No | Yes Yes | No No No 
Scope of inspection Visual and | ‘Thds., wall |CompleteAPI| 
wall thick. thick & visual _ Plus visual 
Was pipe correctly labeled or Yes Yes Yes Yes As far as Yes Yes Yes 
stamped? sed _|_isknown | _ “ | 
| No.11 | No. 12 No. 13° | No. 14 No. 15 No. 16 No. 17° No. 18 | No. 19 
ise / : | 7-in. | §%4-in. 65%-in. 73¢- in. “Tin 6m. 954-1 -in. 7-in 7-in. 
We eight | 23 Ib 2214 |b. 28 lb. | 3544 Ib. 28 lb. 26 | Ib. | 4344 Ib. | 30lb | 30 1b. 
Grade of casing & collar| J-55 oe D N -80 N-80 N-80 | N -80 | J-55 J-55 
Ty pe of joint “ST&C Intex, joint Integ. -joint Integ. “joint Integ. ~joint a3 Integ. joint | Integ.-i -joint | LT&C LT&C 
Length of string 4428 ft. 10, 700 ft. | 9400 ft. | 9205 ft. _ 9105 ft. 8730 a. | 5675 fi ft. | 8195 ft. 8205 ft. 
Date of purchase | 1/29, 44 | +1989 a 1937 1939 1941 1941 1941 | ‘Early 1940 | Early 1940 
Date of setting | 3/25/44 6 a7 39 | 2 5 38. ] “5, 29/3 39 “2, 5 5/40 11 /28/41 | 8/6/41 12/31, 40 | 5/26, 40 
Date of failure | 32/22/44 | 9/5/39 | 9/29/39 ] 7/5/41 | 6/16/42 Between Mar|Between Apr) 2/14/44 | 10/1/41 
| | & June 1944 | & June 1944 | 
Type failure or leak Parted = or | C ollapse or Split or a “Hole Hole Probably Collay or E Collapse 
co llapse hole hole | hole | split 
Depth of feilure | 3891 ft. | 9896-0954 ft. “8070 ft. | 8638-8670 ft. | 8192 f ft. 7 7970-7083 ft. , 4650 ft. | 8066 ft. | 8121-8126 ft. 
Estimated differential | | 
pressure 600 Ib ? ? ? ? | ? | ? et Pec. 
Operation at time ¢ of | Pumping ‘Gun perf. & | Flowing Flowing Flowing | Shutin | Shut i in Pumping | | ae flowing 
failure } testing _| | _ curtailed | curtailed | 
Probable cause e of | Brittle matl. | Split-gun or | ? | ? ? | ? | No idea No idea 
ailure } gun perf. collapse tub. | | | | 
Evidence of failure | Imp. block Sanded | Well died; | Well went Well died, loc. Flowed all | Prod. sand | " Pieces of | Rolled out 
twist off; mud-sd. in to H20; loc. jhole with C P| H2O when | & mud when | esg. rec. in collapsed 
7 r. rubbers |tb.. circ. obt. \hole with CP) cementer | started up | startedup | __ bailer place 
| damaged | between stgs.| cementer } 
Was casing failure |} Ree. 6-in. & No No No No No No No No 
recovered 12-in. pieces | 
Method of landing Weight of On slips with | ‘On ‘slips ‘with| On slips ‘with lon slips with| On slips with| |On slips with) Slips Slips 
casing casing slight tension slight tension ‘slight tension alight tension slight tension |slight tension) 
Was pipe ins’ cted by Sera ir ri ; 
customer +" Yes No No No No No No Yes Yes 
Seope of f inspection ; Surf. & thd. defects and | Visual Visual 
lack of straightness | | 
* Was pipe correctly - A 4 k 
_labeled or stamped? _ Yes L. - aee | Yes Yes Yes Yes Yes Yes Yes 





No. 9 No. 10 
7-in. elec.weld 7-in. 
23-lb. 26-Ib. 
J- 55 | J- 55, N 1-80 
s rd. thd. API, LT&C 
6456-ft. 11,400-ft. 
? | Mid 1944 
9/29/44 | 11/29/44 
“10/20/44 a 12/1 “4 
Leak 16-ft. Burst i in 
from mill col’ r| body pipe 
2976 ft. | 3650 ft. 
| Hole full in 1500 Ib. 
and out | 
Squeezing Testing 
cement blowout’ 
below preventer ' 
Unknown Defective 
material 
Tool | Circulation 
stopped at | through 
this point pipe 
No Yes 


Slips at 6214 |90 per cent of 


T tension | net pipe wt. 
No | Yes 
een ~ |CompleteAPI 

plus visual 
suas maid. Sai 
No. 20 No. 21 
11m. fe 7-in. 
26 Ib. | 26 Ib. 
as Ba 
1U,API | IU, API 
| 11,308 ft. | 11,038 ft. 
pati "4 3 
1/13/44 if 6/24/44 
| 13744 | 8/19/44 


14-in. split |Thread break 


boiy of pipe 

| sosft. | 177 ft. 
2000 Ib. int. | 500+ Ib. 
Cementing Delle 
| through 
Laminated | Fatigue 
pipe crack 
} ‘Pressure Pressure 
drop drop 
Yeo Yes 

Not landed Slips 
Yes Yes 
Surface Surface 
Yes Yes 
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APPENDIX—TABLE “B” 
Tabulation of data on casing joint leaks obtained from a California field. Ce 
Pressure range, 0-1000 Ib. | Pressure range, 1000-2000 lb. | Pressure range, 2000-3000 lb 
Casing | ‘i 
a | Type joint No. | No, |*Classofleaks | No | No, | Classofleaks | No | No, | Classofleaks | No | No, | Class of leaks 
in. | wells | leaks wells wells | leaks wells | leaks 
A. | 8. | M. A. | 8. 1. A. | 8. | M. A. | 8. | M. 
7 Sa... Ee ray 3 1/0] 1] 0] oO 1 ‘7..8 fink OES a 
7 a th. BU. beneath... 13} 7/0] 4| 3] 1 St Si. 8l bt FF SS 3| 2 
7 ES © elena ap RR ENRN 1/ 0 | o| o|] o| o ot — uo Se S 
7 Comb. sq. th. E.U. ee 
8 rd. th. E.U. box and ete icbcs saa 1| 0 0 0 1} 0 T 
7 Comb. ee rep ee H 
Src rscecisnatesss 1| 0] o| 1] 0 . 0 m “ERE. mort 
GOOG | Gib. Oh. WOR ORO, onc cccecccccccccee 49 30 5 | 15 | 10 7 2 1 1] 15 8 4/ 4] 27 20 5/10) 5 d 
8% | 8rd. th. E.U. box reg. pin “AS Cae 3 oT 31 3 0 e 0 te 5 Rt. See an 
8% | Comb. E.U. box and | strin 
8 rd. th. E.U. box an age Ed conan ee amas 5 4 0; 2) 2 1 0 Be 2 2 1 1 2 2 1] 1 
534 GA ee iene, eae Tie : : 0} 0} 1 : uy Re : 1 ai & * 0s ence 
6% . GNIS 5.5 nonce ttccdsb apne +e ote Pr a - . oe. ee os 
a iaaree.................0 1} 1] 0] ilo] of :: <) ea fi 3 i fact 
All sizes | Sq. th. E.U. box and pin.. ................ 83 | 31 | 5/16|10| 7 | 2 i} 1] 16 | 9 5| 4| 30 | 2 | 5|10| 5 on I 
All sizes | 8 rd. th. E.U. box and reg. pin.............. 1 | 10 | 0} 6| 4] 1 0 an 2 1} 1] 12] 8 5| 3 ing 
“re<re <. 2 ) age eeeeeness St 8} Ot atti ef .. 1 1 atsa @ 1 1 é 
All sizes | Comb. sq. th. E.U. box and pin and beer 
8 rd. th. &. ON ae 6 4 0; 2] 2 2 2 Ri 3 2 ti 2 stra 
All sizes | Comb. sq. th. E.U. box pat and 3 
Psa cies koahnnsans anes 3 1 1} 0 Loe 3 Suchen ovel 
Total all sizes and types............... s | 48 | 5/25 /18| 9 | 2|.. | 1 | 24 | 4 |..| 7| 7| 50 | 32 | 5|17| 10 _ 
a 
*A—Active leak. S—Slow teak. M—Minor leak. coll 
ence 
axid 
water connections and rack for testing It will also be noted that although B’s 497 ft. to 9954 ft. and with pressures var 
the casing. The rack was raised 10 in. pipe had 80 per cent leakers from the varying from 500 to 4800 lb. per sq. in. thee 
on the far end to facilitate venting the mill couplings, when these were removed Table B. Table B lists data from one sho 
air while filling the casing with water. and made up 1% to 21% turns beyond the field where there were 48 leaky joints in str 
Both ends were plugged with threaded last scratch or vanishing thread, they a total of 83 wells having various types oon 
couplings and a check valve in the plug retested to 6000 lb. per sq. in. without of joints and casing pressures from zero oe 
on the pump end kept the high pressure leaking. to 3000 Ib. per sq. in. the 
from the filling hose. The pressure was Torque measurements for removing R dati 1. Manuf a 
applied by the triplex pump through the and putting on couplings in this test are: @ Seeemmeneten, 1. See 


small high pressure hose connected to 


























ers and users should get together and 


. Well pressures to be encountered. 


the center of the plug. The tests simu- Aen ms vent casty = a research ct to deter- 

lated conditions encountered in the wells atathnai Gu | Gee rn 9 s Asn y — - th yi aa 

because tension was developed on the 0. make up (ft. /b.) (ft. lb.) jam ms ete aoe " age Ing 

plugs somewhat comparable to the load “| 2% 8,000 6,500 strength and ——o © API casing : 

liam ont tn a weal, ee of the cea coe 2 2 18,700 7,900 under well conditions. Important factors . 

pany engineers, a local Ventura oil tool 4 ae 10,000 eae in Cn gee oe a as follows: 

shop and Shell cooperated in testing 300 : ae yo b. Method of makeup in the mill and field. 

new joints of 7-in., 26-lb., N-80 casing : : > Type of lubricant. - 
c 


with J-55 couplings. As shown in sum- 
mary sheet (Table 1) attached, there 
were no bursting failures, but 64 coup- 
lings leaked at pressures from 3000 lb. 
per sq. in. to 6000 lb. per sq. in. and 
three couplings became so loose after 
the test that they unscrewed by hand. 

Five leakers were sent to the shop, the 
couplings were removed, new lubricants 
applied and the same couplings were 
screwed back on with one to two more 
turns than the original make-up. The 
joints were then tested to 6000 lb. per sq. 
in., 2 were leakers and 3 were tight. 

Five joints of the 26-lb., N-80 pipe 
with J-55 couplings recovered from Tay- 
lor 177 were also tested. One joint burst 
at 4800 lb. per sq. in., one at 5800 Ib. per 
sq. in., and three were tight at the final 
pressure of 6000 lb. per sq. in. It will be 
noted in Fig. 10 that these breaks also 
occurred in the field end. Hoop stress 
tests of the joint that failed at 4800 lb. 
per sq. in. indicated the average residual 
stress was 30,000 lb. per sq. in. 

Pressure tests were then made on five 
makes of T&C and one make of integral 
joint casing, all being 7-in., N-80 casing 
of different weight. The results of all the 
pressure tests are shown on the summary 
sheet, Table 1. It will be noted that coup- 
ling leaks occurred under 6000 lb. per 
sq. in. with all makes of pipe except two. 
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@ Deformation tests. Micrometer 
measurements were made to determine 
if the distortion under pressure may con- 
tribute to the leak problem and whether 
there was any permanent deformation in 
the couplings or casing at the pressures 
tested. The tests indicate that the J-55 
couplings were subject to permanent de- 
formation at 6000 lb. per sq. in. It was 
also noted that there was no permanent 
distortion with N-80 couplings except 
one test, which was the make that did 
not have any leaks. 


@ Questionnaire on casing failures in 
wells completed since 1938. A tabula- 
lation of casing failures obtained from a 
questionnaire recently sent out by the 
API Drilling Practice Committee, Cali- 
fornia District, to operators in California 
is shown in Appendix, tables A and B. 

Table A. The 21 casing failures re- 
ported in Table A do not include all the 
failures that occurred but only those in 
which there were sufficient data to fill 
out the questionnaire. Sixteen of the 
failures occurred during the last 15 
months. Failures were mostly in J-55 
and N-80 casing at various depths from 





*Joint No. 1 leaked at 3800 lb. per sq. in. and 
No. 2 leaked at 4200 lb. per sq. in. before the 
couplings were removed. Joints No. 5 and 6 were 
made up without removing the couplings. 


. Combination of internal pressure and joint 
tension under well conditions. 

- Compare merits of T&C and integral joint 
casing. 

g- Notch sensitivity. 


2. The practice of using J-55 collars 
with N-80 pipe should be discontinued 
until conclusive evidence is presented 
that joint efficiency will be maintained. 

3. An effort should be made to induce 
manufacturers to make casing tongs that 
will cause minimum damage to casing. 

4. The operators should design their 
casing strings to withstand maximum 
differential pressures encountered in 
drilling and producing without going be- 
yond the minimum yield strength of the 
metal and care should be exercised in 
testing the casing so that the pressures 
are kept within these limits. 


@ Acknowledgment. Appreciation is 
expressed to the Shell Oil Company, 
Inc., for permission to publish this paper. 

Special acknowledgment is made of 
help received from oil well casing manu- 
facturers’ sales and engineering repre- 
sentatives and to the many oil companies 
that contributed to the compiling of data 
in the questionnaires. 

Gratitude is expressed to the Ventura 
Tool Company for their aid in design- 
ing the testing apparatus and layouts 
and for their many helpful suggestions 
in conducting the field tests. 2 
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Collapse Safety Factors for Tapered Casing Strings* 


Tue use of casing strings composed of 
more than a single weight and grade, 
and commonly referred to as tapered 
strings, presents design problems not 
encountered in straight strings. Safety 
factors ranging from 1% to 1% based 
on minimum collapse resistance of cas- 
ing, or 14% to 2 on average, have 
been used with apparent success for 
straight strings by casing designers 
over a period of years. With the ad- 
vent of the tapered string, consider- 
ation has been given to reduction of 
collapse resistance under biaxial loading 
encountered at change-over points. Bi- 
axial loading has been allowed for by 
various means, such as the strain-energy 
theories of yielding.’ Consideration also 
should be given to the fact that a tapered 
string has more material subjected to 


*This paper was prepared and approved for 
presentation before the 1944 annual meeting of 
the American Petroleum Institute. The annual 
meeting having been cancelled, the paper has 
been released for publication at this time. 


By W. O. CLINEDINST, National Tube Company 


the loading permitted by the design 
safety. factor than a straight string. It 
seems apparent that the likelihood of 
failure in a three-section tapered string 
could be the same as three straight 
strings having the same safety factors. 
If this is the case, it would appear that 
tapered strings should be designed with 
somewhat higher safety factors than 
straight strings. 


@ Normal law applied. In order to con- 
sider this problem, let it be assumed that 
collapse resistance of casing can be ex- 
pressed as a normal-law distribution 
function. 

Discussions of the normal law are to 
be found in treatises on probability or 
statistical methods.2 The normal law 
shown in Fig. 1 is expressed: 

l = 
@(x) =— a a Sas (1) 


2a 
Where: 
x = the deviation from the mean 









































TABLE 1 
5\%-in.-outside-diameter casiny combinations 
Material 
Amount, Safety 
Well Weight Steel t. factors, 
—-. <a grade Type of joint collapse* 
t. 5 
5,000 | 14.00 ee, Se Ea, ccc cuaen Seen nas eee ouaaeee 4,150 1.13 
14.00 Ue, WI iii o6sae ssn asasncorne de seecdeacdeas 850 1.27 
5,600 14.00 ee oe dk sas web wou acane ew se neue 4,050 1.13 
14.00 ass cade essa ananassae eneuenadeann 1,550 1.13 
5,700 14.00 _ alk fOr ee rrr rere ire 3,950 1.13 
15.50 a ed Swan 49 Gab icacow en clene As be maaan 1,750 1.35 
6,000 14.00 H-40 | Short coupling..... 3,850 1.13 
15.50 J-65 | Short coupling.................. 2,150 1.29 
6,400 14.00 NS errr 5,400 1.13 
15.50 J-55 | Short coupling. . 1,000 1.21 
6,850 14.00 J-55 | Short coupling 5,350 1.13 
15.50 J-55 | Short coupling. . 1,500 1.13 
7,000 14.00 J-55 | Short coupling. . 5,200 1.14 
17.00 J-55 | Short coupling. . 1,800 1.29 
7,500 14.00 J-55 | Short coupling... 5,100 1.13 
17.00 J-55 | Short coupling. Ss ; 2,400 1.20 
7,950 14.00 J-55 | Light upset short coupling. . 4,900 1.13 
17.00 J-55 | Short coupling. . . eat 3,050 1.13 
8,100 14.00 J-55 | Light upset short coupling.......................... 4,850 1.13 
17.00 ne os occ ca siacaocacamesns hen vedas 3,050 1.13 
| 17.00 N-80 eg PEE AE Ae Aa eee. 200 1.45 
8,500 | 14.00 J-55 | Light upset short coupling.......................... 4,700 1.13 
17.00 J-55 | Short coupling. ..... Ee oe en pee 3,100 1.13 
| 17.00 N-80 | Long coupling....... i ee ete Bete Ae 700 1.39 
8,600 | 15.50 J-55 | Light upset short coupling........................4- 6,250 1.13 
| 17.00 J-55 | Short coupling........... oe 1,500 1.13 
17.00 N-80 | Long coupling................. “2 850 1.37 
9,000 15.50 J-55 | Light upset short coupling 6,150 1.13 
17.00 J-55 4 Short coupling............. 1,500 1.13 
17.00 N-80 | Long —. RE Oe 1,350 1.31 
9,500 15.50 J-55 | Light upset short coupling. 5,950 1.13 
17.00 Se? Pas «0 6.5.5.4 Fh 0 00.0 6.g:000:3p-0000ne66eneoy 1,500 1.13 
17.00 So ee ere 2,050 1.24 
9,700 17.00 J-55 | Light upset short coupling....................s00005 7,400 1.13 
17.00 . Sl. Ut “EE rere 2,300 1.21 
10,000 17.00 5-65 | Light upset short coupling...................seceee. 7,300 1.13 
17.00 N-80 | Long —- LRT ER) pe eee 2,700 1.18 
10,400 17.00 J-55 | Light upset short coupling..................-.0s000: 7,150 1.13 
17.00 ee es cons saadiontacvenshmocseawde 3,250 1.13 
10,500 17.00 J-55 | Light upset short coupling..................00--000. 7,100 1.13 
17.00 Sey ss a abedscdscssesnsedaceboeoane 3,300 1.13 
20.00 nc ccncaksanienbcsesenetabbcnekenn 100 1.44 
10,700 17.00 Ne is ian ch auss 0ees suckened ke eesekenas 10,350 1.13 
20.00 Se ic sp 5hc000000000-peandcenaepseaune 350 1.42 
11,000 17.00 reer sy ee 10,250 1.13 
20.00 N-80 | Long 750 1.38 
12,000 17.00 N-80 9,850 1.13 
20.00 N-80 2,150 1.26 
*Based on minimum collapsing pressure, and effect of axial tension included. 
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FIG. 1. Collapse resistance 
distribution. 
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expressed as a multiple of 
standard deviation. 
®(y) = density of distribution at y. 
The probability of failure for a length 
of casing subjected to a stated pressure 
is the same as the probability of having 
a length of casing with a collapse 
strength equal to or less than the stated 
pressure. Such probability is readily ob- 
tained from tables of error integrals,® 
the error integral @(y) being defined 
as: 


1 i q 
— wine fae oA —_— 
(x) “a izle S da = 
J 


2 2 
q2).—F ae. y ol il 


xX 

Error integrals imdicate the fraction of 
the universe falling outside the limits 
ty. The probability of failure in our 
case is one-half the error integral, or the 
fraction of the universe falling below 
the limit —y. 

The deviation y from the mean of the 
universe is wand to the safety factor as 


follows: 

_ (SF) yin. — 1+ 30 3 
oe ae ” 

Where: 

(SF) win = collapse safety factor for 
length of casing based on 
minimum collapse 
strength. 

o = standard deviation of uni- 
verse. 


Let us assume that the minimum col- 
lapsing pressures listed in API Code 
5-C-2: “Setting Depth Properties of Cas- 
ing,” and stated to be 75 per cent of the 
average, are 3 times standard deviation 
minima. The normal universe then is de- 


fined by a standard deviation of oe. 
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LG. 2. Coitapse tadure propa- 
bility for straight casing strings. 
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alu. do Uohdyse su.ture propabiity for 3 44-in. 
-D. straight and tapered casing strings. 








Collapse tests are generally made on 
specimens about 10 ft. long, so that it 
will be further assumed that the distri- 
bution of collapse strength applies to 
10-ft. lengths. Substituting the standard 


c 


3 
relationship between deviation y and 
safety factor becomes: 
9 

x= 12— Tp. esse 
@ Collapse probability calculated. To 
determine the coliapse-failure probabil- 
ity for any casing string, collapse safety 
factors for each 10-ft. increment of the 
depth are required. These are converted 
to deviaticas from mean y by equation 
(3a), and the failure probability for 
each 10-ft. length is obtained by taking 
one-half the error integral shown in 
equation (2), the values of error inte- 
gral being obtained from suitable tables. 

The sum of the probabilities of fail- 
ure of the assumed 10-ft. lengths is the 
probability of failure for the complete 
string. This conclusion is predicated on 
the assumption that the collapsing pres- 
sure of the design will occur; in other 
words, that the probability of occurrence 
of the design collapsing pressure is 
unity. If the probability of collapsing 
pressure occurrence is other than unity, 
it is to be determined by consideration of 
the conditions. The resultant failure 
probability of the string is then the prod- 
uct of failure probability at the design 
collapsing pressure and the occurrence 
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deviation of in equation (3), the 


probability of the design collapsing pres- 
sure. 

In actual calculations there are many 
shortcuts and means of making what 
seems to be a rather arduous task quite 
simple. These become apparent. 

The failure probability for straight 
strings for various levels of safety fac- 
tors plotted against well depth is shown 
in Fig. 2. The curves include corrections 
for biaxial loading by the strain-energy 
theory of yielding. To design straight 
strings to follow .a curve for a specific 
safety factor, of course, is an impossi- 
bility, because the infinite number of 
weights and grades required is not avail- 
able. 

In Fig. 3 the family of curves shown 
in Fig. 2 is repeated, and curves of fail- 
ure probabilities for 5%-in. O.D. straight 
and tapered strings with limiting safety 
factor of 1.13 are shown. Details of the 
tapered strings, which were corrected for 
biaxial loading, are shown in Table 1. 
Both the straight and the tapered strings 
use the API weights and grades of API 
5%-in. O.D. casing. It will be noted that 
the mean of failure probabilities for the 
tapered is some 50 times that for the 
straight strings when a limiting safety 
factor of 1.13 is used for both. Likewise 
it is readily discerned that a limiting 
safety factor of approximately 1.25 
would be required for tapered strings to 
approach the mean failure-probability 
level for straight strings with a limiting 
safety factor of 1.13. 

Although the failure probabilities for 


the 54%4-in. O.D. tapered strings in Fig. 

_3 were calculated directly, satisfactory 
estimates can be determined from the 
curves in Fig. 2. The estimate is made 
simply by summing the probability of 
failure of the straight strings, each equal 
in depth, to the depth to which each sec- 
tion of the tapered string is set, using 
the correct safety factor for each. 

‘It is of interest to observe that the 
joint tensile-failure probability for any 
casing string is just as readily obtained 
as the collapse-failure probability. In 
this. case, the total failure expectancy 
for the string is the sum of the failure 
probabilities of the individual joints. 
Equation (3) is used with the proper 
value of standard deviation substituted 
to determine the values of x for entering 
the tables of probability integrals. 


@ Conclusion. In conclusion, it might 
be said that, for equivalent failure ex- 
pectancies, tapered strings should be de- 
signed with limiting safety factors ap- 
proximately 10 per cent higher than for 
straight strings. This does not materially 
reduce the apparent economies of tap- 
ered strings in their important applica- 
tions. 
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California’s New World Reeord Hole* 


By OMAR A. CAVINS, Standard Oil Company of California 


Location. Standard Oil Company’s 
KCL-20 No. 3 was drilled at the west 
edge of the South Coles Levee oil field 
95 miles from Bakersfield on the Bakers- 
feld-Taft highway in Section 5, T. 31S., 
R. 25E., M.D.B. & M., at an elevation of 
505 ft. The location can be seen on the 
hillside about a quarter of a mile to the 
right side of the highway about 300 yards 
after passing the Kern River bridge en- 
route to Taft. 

Depth is 16,246 ft. by drill pipe meas- 
urement; spudded, July 31, 1943; hole 
completed December 27, 1944; time 
drilling, 516 days. 


@ Original program. The original pro- 
gram called for the drilling of a well to 
the Middle Miocene Stevens sand. at 
about 9500 ft. contemplating the use of 
a7-in. water string and a 5-in. liner. The 
drilling equipment installed was conven- 
tional deep hole equipment similar to 
that used for several years past at the 
Kettleman Hills and Greeley oil fields 
with no thought or intention of very deep 
drilling. 


@ Brief drilling resume. The hole was 
spudded with 5 9/16-in. drill pipe and a 
154%-in. bit through 11 ft. of 185-in. 
casing set at 25 ft. as a conductor pipe. 

At a depth of 1188 ft., 1134-in., 54-Ib. 
casing was cemented and the hole reduc- 
ed to 105% in. and with 73 to 86-lb. mud 
carried to 8863 ft. where 41-in. drill 
pipe was added and the hole carried to 
9213 ft. where an electric log survey 
was run. 

Coring was started at this depth with 
wire line core barrel in 75-in. hole. 

A formation test from 9274 ft. to 9380 
ft. showed a 375 ft. rise of drilling fluid 
with a trace of oil and gas. 

A second formation test from 9476 ft. 
to 9525 ft. showed no favorable results. 

In an attempted formation test from 
9532 ft. to 9686 ft., the tester broke in a 
valve section leaving the packer and as- 
sembly in the hole. Fishing ‘operations 
from November 6 to 23 resulted in re- 
covery of the entire fish, including pack- 
er, tail pipe, and both pressure bombs, 
This was the only serious fishing job. 

At this depth (9686 ft.) it sos teckel 
to stop continuous coring and drill ahead 
in reduced hole, spot coring at 50 ft. in- 
tervals and electric logging as seemed 
desirable, with formation tests upon fa- 
vorable core showings and swings. At 
a depth of 9998 ft., with a shoulder at 
9929 ft., another formation test was made 
without favorable results. Consideration 
was given at this depth to abandonment, 
but it was decided to continue, and a last 
formation test before abandonment was 

*Presented at Wartime Conference of the 
Pacific Coast District, Division of Production, 


merican Petroleum Institute, Los Angeles, 
March 29, 1945. Subject to correction. 


made of the interval between 9987 ft. 
and 10,156 ft. The packer was loosened 
after jarring 40 min. Results of the: test 
were unfavorable. 

As the hole had already penetrated the 
Stevens Zone sands, productive in the 
nearby Elk Hills and Coles Levee fields, 
further consideration was given to aban- 
donment. No favorable indications were 
on record and the Rio Bravo and Vedder 
sands seemed to be unattainable (15,000- 
18,000 ft.) from our regional control. 
Decision was made to continue drilling 
on the chance that an unknown produc- 
tive horizon might be picked up or the 
Rio Bravo or Vedder sands found higher 
than anticipated. 

Drilling was continued in 75%-in. hole 
depending for guidance on drilling 
breaks, micro fossils in cores and ditch 
samples, and on electric logs. 

At 10,519 ft. the 754-in. hole was ream- 
ed to 105% in. and drilling was continued 
in this size to 10,999 ft. where the elec- 
tric log was run and 7-in. casing cement- 
ed to protect the hole, which was getting 
into bad condition. Continued drilling 
was with 5%-in. bits and 344-in. drill 
pipe with spot cores taken occasionally 
on drilling breaks or for fossil material 
for the Geological Division. These cores 
were ordinarily taken with 5%-in. core 
heads. Heads of 55% in. were used in the 
harder sections to give clearance for the 
coring head with no reaming to bottom. 


Out of a total of 324 bits, 64 core heads 
were used between 11,001 ft. and the 
final depth. The formations between 11,- 
800 ft. and 14,970 ft. were very hard, re- 
quiring 54 rock bits to drill 165 ft. in 
107 hr., or an average of 3 ft. each bit in 
average life of 2 hr. 

The final drilling hookup consisted of 
3%-in. drill pipe, 94 ft. of 444-in. drill 
collars, a 5%-in. reamer, and 57%-in. 
rock bit and connecting substitutes. The 
reamer was run between the drill col- 
lars and the bit. Lifting plugs were used 
on the bottom 11,906 ft. of drill pipe. 

The hole was seldom surveyed for de- 
viation after landing the 7-in. casing, 
which was practically in vertical hole. 

Because of the heat in the hole and the 
depth, ordinary survey equipment was 
ineffective. With improvised equipment, 
readings that were not entirely satisfac- 
tory, indicated a declination of approxi- 
mately 8 deg. from vertical near the 
final bottom. Behavior of the drilling 
equipment indicated no great deviation. 


@ Precautions. No out of the ordinary 
precautions other than intensified super- 
vision were used because of the depth of 
this hole. All bits were limited to 6 hr. 
on bottom. The 34-in. drill pipe, be- 
cause it approached near final depth, a 
safety factor of 1/5 was handled with 
relative gentleness into and out of the 
hole. 
(Continued on Page 64) 
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Two 8-cylinder. 800 hp GMV units 
stalled in Columbian Carbon Company’‘s gathering sia 
at Goldtown. W. Va. Photo at right. showing compr 
side, also shows variable clearance pockets. Exterior 
at extreme right shows water tower for closed cooling 
tem. Each unit drives its own tower and jacket water pu 


~-ompressor: 


Bradford, Pa. 








Parkersburg, W. Va. SF bale ob ¢- bales (foto Mam OF. 0 iE Seattle, 
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on, Dallas, Greggton, Pampa and Odessa, Texas 


High thermal efficiency, durability, and 
like qualities are not the only things 
bearing on the outright economy and 
effectiveness of compressor installa- 
tions. Often, an extremely flexible set- 
up is essential, requiring units that are 
wholly adaptable to such requirements. 


The photograph at left shows two 800 
hp GMV units in Columbian Carbon 
Company's gathering station at Gold- 
town, W. Va.—one of five Cooper- 
Bessemer powered stations delivering 
natural gas to Carbide & Carbon Chem- 
icals Corporation at S. Charleston for 
their remarkable production of gas- 
derived synthetics. 


Each 8-cylinder V-type GMV has four 
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crankthrows and each crankthrow 
drives a double-acting compressor cyl- 
inder with built-in by-pass valves and 
with remote control suction valve lifters 
to permit single-acting operation. More- 
over, two of each unit's cylinders are 
equipped with variable clearance pock- 
ets. Thus both engines may be operated 
at constant full load under a wide 
range of field pressures. It is a highly 
practical, extremely flexible setup. 


The ability to power compressor cylin- 
ders of many types and sizes ... to pro- 
vide the required number of stages per 
unit ... and to operate smoothly, with 
peak efficiency throughout the full nor- 
mal speed range, makes the versatile 
GMV especially desirable wherever 
unusually critical or out-of-the-ordinary 
conditions prevail. 


Cooper-Bessemer 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA 


sa Shreveport St. Louis Los Angels 
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(Continued from Page 61) 

@ Mud and mud handling. The input 
mud weight after setting 1134-in. casing 
was 75 lb. per cu. ft., which had been 
very gradually stepped up to 98 lb. at 
the conclusion of drilling. Until a depth 
of 13,915 ft. was reached, the weight of 
returned mud was the same (83 Ib.) as 
that at the suction. At this point the salt 
content jumped from 30 gr. per gal. to 
310 er. per gal. at 13,390 ft. and diluted 
the mud. It increased to 680 gr. per gal. 
at 14,064 ft. and a complete change of 
mud from 83 to 92 lb. was made at this 
depth using Mojave Roger Lake weight- 
ed mud treated with pyrophosphate and 
quebracho. 

No further difficulty was encountered 
and the hole stayed open in good shape 
though oil had to be circulated at 14,710 
ft. and 15,843 ft. to loosen stuck drill 
pipe. 

Pump pressures jumped from 1100 to 
2000 Ib. per sq. in. when the change was 
made from the combination 5 9/16-414- 
in drillstem to 314-in. and was 2300 Ib. 
per sq. in. at the completion depth. 

The maximum mud temperature at the 
overflow was 135°F. We were unable to 
get a temperature below 14,966 ft. where 
it was 380°F. The quality of the mud ap- 
parently was not affected by this tem- 
perature, but it was circulated continu- 
ously over the mud ladder to cool and 
remove the small amount of gas. 

The mud into the hole was handled 

by a 1614 by 734 by 20 pump serving as 
a low pressure unit and an 18 by 8 by 20 
high pressure unit. A 14 by 634 by 14 
pump for circulating mud over the de- 
gassing and cooling ladder and a 14 by 
7 by 14 mixing and transfer pump were 
standbys for the low pressure circulat- 
ing pump. Mud was circulated from 3 
to 6 hr. each time before coming out from 
below depths of 15,000 ft. for condition- 
ing. 
@ Fishing jobs. There were all told 26 
fishing jobs, 10 of which were previous 
to setting 754-in. casing at 10,999 ft. Of 
the 26, 8 were for parts of the drillstem, 
all previous to setting the 7-in. casing. 
Twelve were due to lost cutters, two to 
other small junk. In addition the drill 
vipe stuck four times. None of these de- 
layed operations seriously except the one 
at 9686 ft. where a formation tester broke 
at a valve and was fished out in three 
pieces in 17 days. Several small pieces 
of junk were sidetracked or worn out 
with the hole 14,203 ft. deep, near dis- 
aster was averted while running 314-in. 
drill pipe. With 11,000 ft. in, the pipe 
failed at the base of the upset of the in- 
tegral tool joint box in the elevators but 
was caught by the slips. The detached 
tool joint box fell 90 ft. to the floor. 


@ Safety. During the entire drilling 
and abandoning of this well there were 
no disabling accidents on the derrick 
floor and only two minor ones at the 
pumps. 

@ Personnel. Because of the war-in- 
duced lack of manpower, the personnel 
problen at the well was the most difficult 
routine one of the operation. Very often 
men werked through 16 hr. Many work- 
ed 7 days a week. The brunt of the load 
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The Reference Annual 

Due to the paper shortage it has 
been necessary to limit the num- 
ber of papers published in this 
Reference Annual of The Petro- 
F leum Engineer. When the war is 
won and this vital product is no 
longer a curtailed item, the An- 
nual will resume its pattern of for- 
mer years and be more all-inclu- 
sive in the matter of presenting 
papers of outstanding reference 
value and interest on petroleum 
and related subjects. 











fell on the veteran employes and only 
because of their loyalty and pride was 


the deepest hole in the world drilled. 


The labor situation, though it might 

have been much worse, did result in in- 
creasing the time and cost of complet- 
ing the hole. 
@ Stratigraphy. Formations penetrat- 
ed. The hole was started in the Tulare 
formation. Down to a depth of 12,800 ft. 
the sequence and character of the forma- 
tions encountered were found to be read- 
ily identifiable and not out of line with 
what was anticipated from previous drill- 
ing in this part of the San Joaquin Val- 
ley. The formational contacts and other 
geologic markers of interest that were 
identified are as follows: 

Type Scalez (or marker in the basal 
part of the San Joaquin clays forma- 
tion) at an estimated depth of 3440 ft., 
top of Mulinia or top of Etchegoin for- 
mation at a depth of 3560 ft., the Pli- 
ocene-Miocene contact at an approxi- 
mate depth of 6530 ft., the top of the 
brown shale at a depth of approximately 
8300 ft., the top of the Miocene cherts 
at a depth of 8640 ft., the “N” point at a 
depth of 8838 ft., the probable equiva- 
lent to the top of the Stevens sand at 
9300 ft., the bentonite at 10,950 ft., and 
the top of the Middle Miocene at 12,800 
ft. 

Below the top of the Middle Miocene 
diagnostic fauna were very meager and 
age determinations are, therefore, quite 
hazardous. The few fauna that were rec- 
ognized indicate that the formations con- 
tinued to be of Middle Miocene age, to a 
depth of at least 14,000 ft. It is suspected 
that the formations below 15,650 ft. are 














Statistics. 
Number of days to complete hole............... 516 
Number of drilling and coring bits.............. 623 
Tons of dry mud purchased.................... 2,805 
SS Sa re rn 60 
Weighting material, tons...................... 667 
Tetrasodium pyrophosphate, sacks.............. 946 
ree 106 
Electric logs run, total........................ 13 
Deepest electric log, ft....................c000e 16,186 
Water used for power, bbl..................... 80,000 
Gas used for power, M. cu. ft.................. 280,143 
Number of 1}4-in. casing lines................. 16 

Drill pipe (in use final depth) ; 

(Top) 15.5-Ib. I.F.E.U. (double pin sub) 
BI, «0.5 5k eet A OER 4,186 
15.5-Ib. I.E.U. (integral joint) 
0 ROS iq" oe See: 6,810 
13.3-lb. I.E.U. (integral joint) 
oN ee 5,096 
All grade E or equivalent. 

OSE SE et See eee oer en 16,092 


Lifting plugs were used on the internal external upset. 
Casing protectors used on drill pipe in 7-in. casing. 














of Lower Miocene age. The equivaleng, 
the top of the Vedder sand may 

been penetrated at a depth of about 
000 ft., but this correlation cann 
confirmed. 


@ Lithology. Samples of cored 
rial show a marked change in the 
of the rocks at a depth of about 15 
At this approximate depth the bulk 
ity jumped to slightly more than 26 
the brown and gray almost slaty shale 
and fine grained gray sandstone. Poros). 
ties dropped from 3.4 per cent and 23 
per cent at 15,539 ft. and 15,651 ft. in 
shales to 1.03 per cent and 0.29 per cent 
at 15,981 ft. and 16,166 ft. These figures 
approach those of slate, which average 
2.65 bulk density and 1.0 per cent poro. 
sity. There was also a suggestion of flow. 
age of material in addition to some slick. 
ensiding. These characteristics, when 
compared to the characteristics of rocks 
of the same age where found at lesse 
depth, suggest the result of incipient 
metamorphism due to loading. 


@ Structure. The structure penetrated 
is an anticlinal fold. Surface dips are of 
low magnitude and this condition appar. 
ently persists with depth. The cored ma 
terial from the greater part of the hole 
showed dips of 5-15 deg. Some relatively 
steeper dips were noted, however, in a 
few of the cores in the lower part of 
the hole. These may be the result of flow. 
age due to incipient metamorphism. 
Actually there is no positive evidence to 
prove that any major structural change 
is present at depth. 

@ Reason for abandonment. Sometime 
before abandonment it had been decided 
the hole could be drilled to 16,500 ft. 
with complete safety to the equipment 
and crew. However, the dense material 
and 65-deg. dip recovered in the core at 
16,166 ft. and the electric log taken at 
16,186 ft. showed that at this location the 
hole had penetrated beyond reasonable 
possibilities of the existence of oil, so it 
was decided to cease drilling before the 
ultimate depth, safe with our equipment 
was reached. 


@ Lessons learned. The principal les- 


son learned was that with modern deep 
well drilling equipment, such as is be- 
ing used at Greeley, Rio Bravo, and Ket- 
tleman Hills, with modern practices and 
competent personnel, supervision, 
technical control, the drilling of wells 
in the Tertiary of California to depths 
of 3 miles and more can be done with 
good prospects of success. 

If another well were deliberately plan- 
ned for such depths, I have no doubt we 
could complete it in less time and at 
less cost. The only improvement I co 
recommend, however, would be a larger 
conductor string, say 954 in. to 10,000 
ft. and:a larger hole, probably 85 in. to 
14,000 ft. with 414-in. drill pipe and the 


remainder of the hole 754 in. with 444-0. 


and 3%-in. drill pipe. This would per 
mit better mud circulation, reduce 
wear on the drill pipe, which was cc 
considerable on the 34% in. used in 
20-No. 13. 


It would also permit the use of or 


drilling bits in the deeper part of the 
hole. 


THE PETROLEUM ENGINEER, Reference Annual, 1945 





KK 





In 








1cipient 


etrated 
S are of 
| appar. 
red ma- 
he hole 
latively 
r, ina 
part of 
of flow. 
‘phism. 
ence to 
change 


metime 
lecided 
500 ft. 
‘ipment 
1aterial 
core at 
iken at 
‘ion the 
sonable 
il, so it 
ore the 
ipment 


val les- 
n deep 
| is be- 
nd Ket- 
ses and 
n, and 
f wells 
depths 
ie with 































Heavy Duty 
Clutch 












Power Take-off 







Machine Tool 
Clutch 


y \ y, » 


; 
\, eee 
/ ee 


i \ 
‘€/ \ \ Ni a 


that mean extra 
dollars in profits 


If the only value of a Twin Disc Torque 
Converter (Lysholm-Smith type) were the 
savings it made in each round trip out of 
the hole . . . the investment in the torque 
converter would be fully justified. Figure 
it out for yourself. 

Your rig costs you approximately $400 
a day. A Twin Disc Torque Converter will 
save you from 10 minutes to half an hour 
every time you have to come out of the 
hole. How many trips out of the hole did 
you have on the last well? Can you afford 
not to invest in a Twin Disc Torque Con- 
verter on the basis of these savings alone? 
Add to this the protection the torque con- 
verter gives against broken chains or drill 
pipe failure and you’ll have an idea of the 
added profits which a Twin Disc Torque 
Converter can give you. TWIN Disc CLUTCH 
ComPANY, Racine, Wisconsin (Hydraulic 
Division, Rockford, Illinois). 





Tractor Clutch Marine Gear 
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SPECIALISTS IN INDUSTRIAL CLUTCHES SINCE 1918 
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@ General description of field. The 
producing horizons in the Wilmington 
field, California, comprise a maximum 
thickness of about 3000 ft. divided into 
six zones, each of which is made up of 
alternating sands and shales. The field 
is divided into five separate fault blocks. 
The zones within these fault blocks (or 
in some cases combinations of two or 
three zones) are treated as 14 separate 
pools for allocation purposes. The zones 
differ in oil gravity, physical character- 
istics of the sand, and productive area. 


@ Horizons produced in most multi- 
zone wells. The horizons that are pro- 
duced in most multizone wells are the 
Ranger, Upper Terminal, and Lower 
Terminal zones on each of the fault 
blocks previously described.'? Fig. 1 
shows an electric log of these zones and 
their characteristics. The oil sands are 
of generally high permeability (300 to 
1000 md.) and high porosity. They are 
usually soft and unconsolidated, fre- 
quently causing sand trouble and cut- 
ting out of liners and tubing strings. 
Original formation pressure in all zones 
was roughly equal to the hydrostatic 
head measured from the surface. Origi- 
nally these zones were saturated with 
oil and gas in solution and initially pro- 
duced with gas-oil ratios as low as 200- 
400 cu. ft. per bbl. Now, in the course of 
partial depletion, they have increased to 
800-1500 cu. ft. per bbl. Well ratios have 
reached values in excess of 10,000 cu. ft. 
per bbl. in secondary gas caps. Most of 
the reservoirs in each of the five fault 
blocks have produced as depletion type 
pools with frequent instances of local 
water encroachment near the productive 
limits of each pool. 


@ Types and classification of multi- 
zone completions. Definitions: A “mullti- 
zone” well is one that is mechanically 
equipped to produce two or more zones 
simultaneously through separate flow 
strings without commingling the oil. A 
“combination” well is one that produces 
simultaneously from more than one zone, 
causing the commingling of oil within 
the well bore. A “single zone” well is one 
that is perforated opposite only one zone 
and produces from this zone. 

Classification of multi-zone wells: Sev- 
eral authors '\*.> have described meth- 
ods of producing “dual” zone (two zones 
only) wells by means of various types 
of packer installations. Corey*® has pro- 
vided a general description of several 
types of multi-zone completions in the 
Wilmington field; and has described, in 

"Presented before American Petroleum Insti- 
tute Pacific Coast District Division of Produc- 
tion, March 29, 1945. Subject to correction. 

*Development Engineer, Richfield Oil Corpora- 
tion, March 29, 1945. Subject to correctio 


n. 
*Chief Development Engineer, Union Pacific 
Railroad Company, Los Angeles, California. 
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A Review of Performanee of Multi-Zone 
Wells in the Wilmington Field, California* 
By CARLTON BEAL! and READ WINTERBURK 


general, some of the advantages and dis- 
advantages involved in this type of zone 
development. For the purpose of analy- 
sis, the multi-zone wells in the field have 
been divided into five general classes, as 
illustrated in Fig. 2. These classifica- 
tions are based on the location of ce- 
mented casing with regard to perforated 
intervals, flow strings and packer ar- 
rangements used to effect zonal segrega- 
tion. The classes are described below: 

Class I. Wells originally equipped 
with tubing packers set opposite a ce- 
mented blank section to obtain zonal 
separation. 

Class II. Wells that were originally 
equipped with a tubing packer set on a 
tubing collar located in a cemented sec- 
tion between perforated intervals. These 
wells may or may not be equipped with 
casing packers. 

Class III. Wells that were originally 
equipped with casing packers set on a 
swage in a cemented section between 
two perforated intervals to effect zonal 
separation. This class of wells may or 
may not be equipped with tubing pack- 
ers. 

Class IV. These wells are equipped 


FIG. 1. The producing zones in most 
multi-zone wells, Wilmington field. 
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with casing packers opposite cement 
sections with or without tubing packer 
to effect zonal segregation. 

Class V. This group of wells ob 
zonal segregation by cementing two 
more full strings of casing over jp 
forated intervals. These wells are 
equipped with tubing or casing packers 

Table I shows an analysis of 249 origi 
nal multi-zone completions divided i 
the five classes. The original multi-ze 
wells comprised about 19.3 per cent ¢ 
the producing wells in the field. All the 
wells that were included in the review 
originally produced from the Ranger 
and Terminal zones or portion thereof | W 1 
and represent about 90 per cent of all 
the original multi-zone completions in | 
the field. Corey? states that in 1941 there 
were 265 multi-zone wells in the field, 
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which apparently include a small group | 'yP¢s | 
of Tar-Ranger multi-zone wells. tool te 
The table shows that 171 of the 249 
multi-zone completions obtained zonal |” oli 
segregation by means of tubing hook- | line # 


wall packer installations. These wells | these 
produced from two zones while 76 wells 
in Class II, III, and IV obtained zonal 
segregation by installing casing packers. 
Of the 76 wells equipped with casing 
packers, 47 were equipped to produce 
separately from three zones. Only two 
wells (Class V) isolated producing 
zones without the use of tubing or cas- 
ing packers. Included in the Class I 
group of multi-zone wells are two unique 
completions equipped with a dual tub- 
ing head which made possible fluid pro- 
duction from two zones through a string 
of 2-in. tubing alengside a 2-in. string 
set on a packer. Also in Class I are two 
Lower Terminal zone wells that subse- 
quently developed excessively high gas- 
oil ratios due to secondary gas cap ac- 
cumulation in the Terminal zone 
have been deepened to the underlying 
Union Pacific zone and completed as 
dual zone wells. 
@ Development by multi-zone wells. 
In considering the use of multi-zone com- 
pletions in development programs, It 1s 
necessary to consider the three gene 
circumstances in the field which led the 
operators to multi-zone development; 
namely, reduced development costs, 
competitive advantage, and isolation 
running sand to obtain maximum oil ca 
pacity. 3 
Reduced development costs. In some 
areas dual zone completions were 
in the Upper and Lower Terminal zones 
on a spacing that was considered @ 
quate for each zone with the princi 
object of reducing development costs. 
The oil allocation practice was to giVé § is ay 
separate oil quotas to the Upper 
Lower Terminal pools and to produce 
only one zone at a time in each well. 
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BAASH-ROSS 
WIRE LINE WIPER 


A CLEAN RIG is a basic “must” for 
fast, safe crew operations. And on all 
types of wire line operations here's the 
tool to keep your rig floors free of slip- 
pery oil and mud drippings as the wire 
line is pulled from the hole. Look at 
these features... 


Fully Automatic: The pack 
off unit automatically locks in 
place as tools are lowered 
into well...and automatically 
releases and rides out on top 
of tools when struck by rope 
socket coming out of the hole. 


Faster Trips: No need to 
flag or mark the line... no 
need to slow down wire line 
speed when coming out of 
hole. The Baash-Ross Wire 
Line Wiper instantly releases 
when tools strike it, assuring 
safer faster runs! 


Quick Inspection: Because 
the Wiper rides out on top of 
the tools every trip, swabs 
and similar tools can be with- 
drawn and checked eoch run. 
Far more efficient than non- 
releasing wiper arrangements! 


Non-Sparking: A split 
bronze bushing in the Wiper 
prevents wire line from spark- 
ing as it passes through tool. 
An extra Baash-Ross safe- 
guard of vital importance! 


The Baash-Ross Wire Line Wiper 
is available in sizes to fit Line Pipe and 
Casing 3” to 9”. For more details send for 
special bulletin. Also see page 283 of your 
Composite Catalog! 





BAASH-ROSS 
UNIVERSAL UTILITY BLOCK 





NO CREW TIME LOST waiting for 
the right Block to arrive, and no costly 
Block inventories either when you have 
a Baash-Ross Utility Block around. Can 
be used as (1) Floor Block ... (2) Bailing 
Block... or (3) Tubing Block by simply 
changing accessory equipment... 





As a Floor Block it tips 
45° any direction against 
positive stops. Note side- 
opening feature for quick 
line threading! 






As a Bailing and 
Coring Block it can 
be securely hung 
anywhere on crown 
block beam. Free-swiveling and tilt 
ing features insure proper rope 
travel at all times. 


As a Tubing Block swivel can be 
locked against rotation by a pin, or 
left free-swiveling as desired. 78,000 
Ib. capacity is ample for most work. 


Important features include 
78,000 lb. working capacity 
(safety factor of 2)... alloy steel sheaves 
with flame hardened groove...heavy- 
duty tapered roller bearings in both 
sheave and swivel. ..direct-channel 
grease lubrication ...and many others. A 
special descriptive bulletin is available 
++. Or see page 281, Composite Catalog! 








BAASH-ROSS 
OPEN END TUBING SPIDER 


FASTER, SIMPLER TUBING JOBS are 
easy with this Baash-Ross Open End 
Spider. Requires less set-up time because 
no connections need be broken. And its 
unitized slip assembly speeds the actual 
tubing work as well as safeguards the tub- 
ing against damage. Here are the high- 
lights... 


1. With the end gate 
removed, simply slide 
the Spider into posi- 
tion around the tub- 
ing. No need to break 
connections. End gate 
can then be quickly 
dropped back in place 
and locked with a bolt. 


2. Note dovetailed 
tongues on end gate 
that fit corresponding 
grooves in Spider 
body. These tightly 
lock the entire unit 
into one rigid assembly 
that will not “spread” 





under even the heavi- 
est loads! 


3. And the unitized 
slip assembly is built 
for extra speed and 
efficiency. The four slip 
segments are locked in 
permonent alignment 
—act as a single unit 
ond always grip uni- 
formly! 


For more details send for special 
bulletin. Also see page 282 of your 
Composite Catalog. 
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well capacities were sufficient thus to 
produce the pool allotments determined 
on a basis of reservoir performance from 
each of the two zones and, since most of 
the wells are still capable of flowing 
from either zone, distribution of with- 
drawals is readily controlled. In these 
circumstances simultaneous production 
of any well from the separate zones has 
not been necessary and facilities for sep- 
erate gaging have not been installed. 
The continued operation of the two 
zones as separate reservoirs after cessa- 
tion of natural flow will require conver- 
sion to single zone wells unless it is pos- 
sible to overcome the several mechanical 
obstacles to application of special in- 
stallations permitting artificial lift from 
the separate zones. If the wells are to be 
converted to single zone producers, addi- 
tional development will be necessary to 
attain the originally intended well den- 


sity. In this case the anticipated saving 
in development costs will not be realized. 

Competitive advantage. The second 
situation is that existing in several com- 
petitive areas in which both Upper and 
Lower Terminal zones are productive 
where wells have been drilled to the 


closest allowable spacing. All wells in 


this area have been drilled to the base 
of the Lower Terminal zone and perfo- 
rated through both Upper and Lower 
Terminal sands. Well density on various 
properties usually ranges from one to 
three acres per well. Many of the wells 
are also perforated opposite the Ranger 
zone sands, which often have remained 
shut in behind a packer. Many operators 
have avoided placing the Ranger zone 
on production in these wells because ex- 
perience has shown that this zone often 
causes collapse of perforated casing as 
a result of excessive sand production. 
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FIG. 2. Classification of multi-zone wells, Wilmington field. 
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CLASS 2 WELLS 


TUBING PACKER SET ON COLLAR 
WITH OR WITHOUT CASING PACKER 




















CLASS 5 WELLS 





























WITH OR WITHOUT TUBING PACKER OR WITHOUT TUBING PACKER NO PACKERS 
WELL G WELL H WELL | WELL J 
| . 
TAR | : 
| 1%" 11%,” 1%” 11%,” 
a hi | 
; | | 
1] | | | | 
ba . | | 
! 
RANGER r neal 
e%" L6%" “es 8%") | 6%” ~~ 
a ; f id 
Twa >= ad 
| | \ON SWAGE nai } H 
” “” ” Pe 
| 2% packer, | >” i he | [a 
. UPPER 
TERMINAL . 5%" | 
6%" }" ' 6%" | 
| 
pare | - | 
| + . } : 
PACKER 1 2 
; = | 6% 
TERMINAL \ ! . 
! 
| | \ \ { 
! ' ' ' | 
} 5 a pltenitnians en ad J -| 


Immediate objectives of the operators jp 
development by multi-zone completions 
were the competitive advantages to by 
gained from use of all available well jp. 
cations to produce the most prolific zop 

and the most desirable oil while p 

ing for eventual depletion of the remain. 
ing zones. Gun perforating for later de. 
pletion of these zones was not considered 


. because of the sand problems which 


were encountered in producing thr 
this type of perforation. The well density 
in these competitive areas is gene 
such that it will be possible eventually 
to convert wells to single zone wells and 
still have an adequate well density jn 
each zone except on some small one or 
two well properties. 

Isolation of running sand to obtain 
maximum oil capacity. In areas where 
the Lower Terminal is non-productiye 
and the Ranger and Upper Terminal 
zones are both productive of relatively 
heavy oil, the initial well capacities were 
below the potential required for top allot. 
ment. The majority of wells completed 
in such areas were perforated opposite 
both zones. The wells were completed as 
either combination wells or as Class | 
dual zone wells with a tubing packer set 
in a cemented blank section between 
Ranger and Terminal. The purpose of 
the latter type of completion was to re- 
duce “sanding up” of the Terminal from 
the Ranger and occasionally to obtain 
a better oil gravity. However, soon after 
completion, it was found that the Ranger 
zone was generally incapable of flowing 
through the annular space between the 
tubing and 854-in. casing or, if it flowed 
initially, it stopped soon after comple- 
tion. Over 85 per cent of such wells have 
now been converted to combination wells 
producing Ranger and. Terminal zones 
together. For example, in one area noted 
for its sand trouble (Fault Block I) 
there were originally 27 Class I wells; 
24 of these are now producing as com- 
bination Ranger-Terminal wells. 


@ Performance of multi-zone wells. 
Effect of allocation methods on use of 
wells. Utilization of multi-zone comple- 
tions for the accomplishment of the orig- 
inal purposes has been affected greatly 
by the method of allocation, the produc- 
ing characteristics of the wells and the 
mechanical difficulties encountered. 
Well allotments prior to 1942 were based 
on oil potential with a uniform allotment 
to all wells having a potential in excess 
of a specified minimum. Under these 
circumstances wells received no benefit 
in allotment unless the productive ca- 
pacity of the more prolific zone by itself 
was less than the minimum required for 
top allotment. At locations where 
Upper and Lower Terminal were pro 
ductive, the productive capacities at 
time of completion were generally such 
that either zone by itself had sufficient 
potential toearn top allotment. __. 
Since early 1942, allocation has been 
made on the basis of individual zones 
the various fault blocks with the poo 
allotment distributed to the wells 
means of various allocation formulae. 
However, it has been the practice to allot 
a well oil production from only one 
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HIS ability of Ticer Branp 

Excellay Preformed Rotary 
Lines to take curves without slowing 
down, speeds up drilling. You don’t 
have to watch your lines constantly 
as they travel over sheaves, through 
blocks and around the drum. You 
can devote your full attention to get- 
ting down deeper . . . in the fastest 
time possible. 

Their greater flexibility reduces 
any tendency to kink and snarl, 
makes lines easier to handle: TicEer 
Branp’s safer, too, for crown wires 


AMERICAN STEEL & WIRE COMPANY 
Cleveland + Chicago + New York 


COLUMBIA STEEL COMPANY 


San Francisco ~* 


United States Steel Export Company, New York 


UNITED STATES STEEL 


TIGER BRAND 
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lie flat and in place, even when 
broken. 

U-S:S American Ticer Branp 
Excellay Preformed Rotary Lines 
last longer than non-preformed types 
of wie rope. Each strand bears its 
proportionate share of the stress 
to which the lines are subjected. 
They’re uniformly strong and have 
greater resistance to fatigue. 

Keep in touch with your Ticer 
Branp distributor. More and more of 
this superior wire line is being made 
available. 
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TABLE 1 
Analysis of multi-zone well completions in the Ranger and Terminal 
zones, Wilmington field 











As of September 1944 
Class of completion—see figure 2 
I Il lll IV Vs {Total all 
classes 
“I. Originally completed multi-sone wells®............. 171 35° | 26° | 15° 2 | 249° 
II. Present of production 
ie < * 6 he ee eee ee eee 66 16 13 7 2 104 
SD PICA. Abbe sdk so dees ines birosn-d ..| 105 19 13 8 0 145 
III. Producing zones alvernated to obtain optimum pro- 
DT RP Ser reerere re Pree 125 26 24 13 2 190 
2. Wells changed over from one zone to another 28 14 1 2 1 46 
Se Yee es Sear ee 2 re: 97 12 23 11 1 144 
IV. Effectiveness of separation 
A ee ere ie 127 30 24 13 0 194 
2. Wells known to have had leaks in packers or 
Sac ce se chad ad enes «05506 9 8 10 5 0 32 
m p poeta re ele noe yeep 72 11 5 7 1 96 
. Ave ucing time of repaired we ori- 
gin completion to firct remedial years..... 3.2 4.3 2.8 4.0 1.2 3.2 
VII. Number of remedial jobs done on original multizone 
oe ae sie a RE RAAT AIOE 77 12 5 7 1 102 
5 com} 
 Multtaoe, CEL EAL RRC * : } : ’ 31 
‘ EE SES 16 
c. Terminal sone only..................-- 10 2 2 0 0 14 
d. Sep Cam Geen sme a : : : : = 
o pea orn 
ee rrr rere 23 1 1 1 0 26 
b. Water encroachment.................+. 16 8 2 2 1 28 
c. Well stopped flowing.................-- 17 1 2 0 0 20 
rrr eee 5 0 0 1 0 6 
ER si ons sdiexcced Cele. tise eoc 7 0 0 0 0 7 
f. High SE ee. 7 0 0 0 0 7 
i cs caceiccpnccecees« 3 2 0 3 0 8 
3. Types of remedial work done 
N peril Sain Uae bases ce bescmeg 38 ° : 2 ! 33 
en ctkenskceea 3 3 1 0 16 
d. Off water OF @AS..........--2+55+-- 5 2 0 0 0 7 
e. Plug and perforate tubing above tubing ‘ ; . i " 
f. Repair hole in tubing string with tubing j : . ; , : 
é Redrill and redeepen to another sone....| 2 0 0 0 0 2 
pL 5 ok olec beac tucdensudascas a 0 0 0 0 4 























the field. A small number of multi-zone 





*In Ranger and Terminal zones only, which represent approximately 90 per cent of the multi-zone completions i 
a “Ranger wells are not incladed in this review. — 


Represents 19.3 per cent of the producing wells in the field. 
"Of the 76 class IJ, III, and IV wells, 47 were equipped to produce separately from 3 sones. 








zone at a time so that multi-zone wells 
have realized no benefit in allotment un- 
der the new system of allocation. At the 
present time most of the wells located 
in areas of comparatively low Terminal 
zone productivity are receiving capacity 
allotments. These wells generally have 
perforations opposite both Ranger and 
Upper Terminal and are nearly all 
pumping as combination wells. 
Selective production. Selective pro- 
duction from multi-zone wells has proved 
useful in control of gas-oil ratios, water 
production and gravity of oil produced, 
and has been used by operators to gain 
competitive advantages in some areas. It 
has also been advantageous selectively 
to produce intervals of relatively low 
permeability after high head water had 
reached the wells in more permeable 
sands. In pools that receive separate 
allotments for Upper and Lower Termi- 
nal, selective production has permitted 
proper adjustment of pool withdrawal 
rates. Of 190 multi-zone wells reviewed, 
46 have been changed from one zone to 
another to obtain optimum production. 
A number of wells have been com- 
pleted with cemented blank sections op- 
posite shale members within the Upper 
and Lower Terminal, subdividing these 
zones into two or more subzones, any 
of which can be produced separately. Se- 
lective production from the lowermost 
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interval when it will no longer flow 
through the tubing has been accom- 
plished by pumping through tubing set 
on a packer. In 11 instances, upper per- 
forated intervals have been produced 
separately after they ceased to flow in 
the annulus by placing a plug in the bot- 
tom of the tubing, perforating the tub- 
ing above the plug and flowing the upper 
zone. In other cases an intermediate per- 
forated interval has been produced sep- 
arately by placing a bridge in the ce- 
mented blank section at the base of the 
interval and producing through tubing 
set on a packer above the interval to be 
produced. 

Cemented blank sections in multi-zone 
wells between perforated intervals have 
facilitated repair work, particularly 
scabbing and plugging operations de- 
signed to eliminate water sands from 
production. The “scabbing off” of water 
or gas intervals in all the seven wells 
repaired by this method was successful 
at the time of recompletion. 

Mechanical difficulties. Numerous me- 
chanical difficulties have developed in 
attempts to operate multi-zone wells. 
Some of the most prevalent of these are: 
(1) Early cessation of:flow from upper 
zones through the relatively large an- 
nular spacing between flow strings, (2) 
sanding up of upper zones, (3) col- 
lapse of casing caused by excessive sand 


production, (4) development of leaks 
between zones due to sand blasting, cor. 
rosion of flow strings or failure of pack. 
ers and cement jobs, and (5) inability 
to lift adequate volumes of fluid when 
pumping through tubing set on a packer 
because of poor gas separation. The de 
velopment of leaks between zones has 
permitted migration of fluid from one 
zone to another because of differential 
pressures developed by selective produc. 
tion. This has often permitted water 
from a wet interval to flood the sands 
around the well in other perforated in. 
tervals. Several instances have been 
found in multi-zone wells that have left 
the Ranger shut in behind a packer. A 
leaky cement job behind blank casing 
opposite the packer has been the source 
of water flooding of Ranger sands. One 
multi-zone well was redrilled into the 


-Ranger after abandonment in the Ter- 


minal, because of a Ranger “water 
block.” 

To date, there has been no uniform 
procedure for repair work when wells 
reach the end of the flowing stage. Many 
revert to combination production of the 
Upper and Lower Terminal zones, leay- 
ing the Ranger packed off behind a flow 
string; others continue to pump the 
lowermost zone through a tubing packer, 
while in a few cases the wells have been 
converted to single zone producers in an 
upper perforated interval after plugging 
the lower zones because of high water 
cut. 

(a) Reasons for remedial work. The 
chief reasons for remedial work were bad 
liners, bad casing, water encroachment, . 
cessation of natural flow and leaky tub- 
ing. Frequently, liners and tubing fail- 
ure occurred concurrently with increase 
in water production owing to corrosion. 
Continued sand trouble often was the 
cause of eventual liner collapse. Corro- 
sion and the setting up of differential 
pressures across packer installations 
and flow strings was the major cause for 
leaks. A notable fact is that 32 of the 
194 wells reviewed experienced packer 
or flow string leaks. There were nine 
failures in 127 Class I wells—or only 7.1 
per cent, as compared to 28 failures in 
67 casing packer (Class II, III and IV) 
wells, or 41.9 per cent. These failures 
often necessitated reentering the multi- 
zone wells to replace the failure or fe- 
moving the packers and. flow strings 
completely and recompleting as combi- 
nation wells. 

(b) Types of remedial work done. Of 
the 102 remedial jobs done on the 249 
multi-zone wells, 32 required costly re- 
drilling principally because of collapsed 
liners or casing and excessive san 
trouble. Over 87 per cent of the redrill 
work was done on Class I tubing packer 
wells. 

(c) Use of artificial lift in multi-zone 
wells. All the original 249 multi-zone 
wells were flowing completions. 
these, 104 are now pumping and none 
is producing on gas lift. Of the original 
completions, 30 wells have now been re- 
paired as single zone producers and 37 
are combination zone producers. Of the 
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“1% , ___ ___ character of material required to meet such punishment, as 
well as how to heat-treat it for best results. 


= & 2 Links, Tongs, etc., is made possible because: 
T BJ representatives covering every oil field in the world | 
ri Sas A for the past 17 years have accumulated a vast amount of 
.4 ™ be ;: ° ° | 
¢ vy knowledge concerning the requirements for every known | 
y St i . condition. This information has in turn been submitted 
: ‘ to our staff engineers. 

~pte. 3 “i / % 2 BJ staff engineers spend all their time in designing, re- 

1b tate. designing and field-testing drilling and production tools 

ce. Pe 4 > 

S mn | OE) to meet constantly changing needs. 

, , : Lb 3 BJ metallurgists know the meaning of strains, stresses, 

a ee : torque and wear imposed on tools—know the kind and 
| 


f ; ~ BLAS 4 o BJ shop equipment and personnel working together 
' > produce tools of the design and material that give the | 
industry the greatest return for the investment. 





r 4° Field experience—tested design—proved metallurgy —good 
) shop practice—these are the components that make the | 
statement “BJ stands for engineered tools’ really mean 

something to the oil industry. | 











BYRON JACKSON CO. 


Houston LOS ANGELES 
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104 original multi-zone wells that are 
now pumping, 47 wells still maintain 
zonal segregation by means of casing or 
tubing packers. However, none of these 
is equipped to produce two or more 
zones simultaneously through separate 
flow strings by artificial lift so that for 
all practical purposes they are produc- 
ing as single or combination wells, using 
the multi-zone installation for the pur- 
pose of selective production. Of the 47 
multi-zone pumping wells, 19 are now 
pumping below tubing packers (Class 
|), 27 are pumping below various com- 
binations of tubing and casing packers 
(Class IT, IT?, and IV). and one Class 
V well is pumping. Consequently, at 
least 114 wells, or 45.9 per cent, of the 


original multi-zone completions are op- 
erated at the present time so that they 
are effectively single or combination 
zone wells. 

Operators have apparently unani- 
mously decided against employment of 
installations permitting simultaneous 
production of separate intervals by arti- 
ficial lift because of the numerous me- 
chanical difficulties previously cited; 
furthermore, in the case of the areas of 
more prolific Terminal zone production 
well capacities from a single perforated 
interval are large. The fact that wells 
are never given oil allocation in more 
than one zone has also discouraged ex- 
perimental work with multi-zone pro- 
duction by artifical lift. 











For almost every heavy duty application where the load is radial, there is an 
adaptable, durable, dependable AMERICAN RADIAL ROLLER BEARING capable 
of withstanding the tremendous stresses and strains demanded by the ponderous 
equipment and stepped-up tempo of today's manufacturing. And because they 


are specially designed for ‘‘tough going,"” AMERICANS render smooth, contin- . 


vaus, trouble-free service under the most adverse operating conditions, resulting 
in lower maintenance costs and increased performance-life of heavy machinery 


and equipment. 


AMERICAN RADIAL ROLLER BEARINGS are made in 5 styles, 4 S.A.E. series 
and 85 sizes. Special designs to order are also available. Consult our engineer- 
ing department on all your roller bearing problems. Write today! 


AMERICAN ROLLER BEARING CO., Pittsburgh, Pa. 
Pacific Coast Office: 1718 S. Flower St., Los Angeles, Calif. 


AMERICAN ;; 


Heavy-Duty ROLLER BEARINGS 
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AMERICAN 










@ Summary and conclusions. Use of 
multi-zone completions has been usefyl 
in providing for development of several 
zones where limited surface locations 
are available and has afforded means 
of controlling gas-oil ratios, water pro. 
duction, oil gravity and pool production 
rates by selective production. In some 
wells repair. work has been facilitated 
by the presence of cemented blank see. 
tions. In competitive areas operators 
have been able to gain advantages 
through selective production in this type 
of completion. 

However, under conditions obtaining 
in the Wilmington field it has been the 
general practice to revert to single or 
combination zone production at the end 
of the flowing life, principally because 
of the many mechanical difficulties en. 
countered which act as serious obstacles 
to multi-zone production by artificial lift. 
Leaks developing between zones, and 
production of wells as combination wells 
has led to non-uniform and undesirable 
combinations of zones in many of the 
wells under conditions which may event. 
ually reduce oil recovery efficiency. 

Considering the conditions that exist 
in the field, and assuming that it is de- 
sirable to develop and produce all zones 
simultaneously, it is concluded that de. 
velopment could have been more eco- 
nomically effected and the various zones 
more efficiently produced if uniform de- 
velopment had been accomplished by 
single wells to each zone (or in some 
areas to a combination of two zones) 
throughout each fault block. Wells 
drilled on this basis could be equipped 
with cemented blank sections if it were 
anticipated that selective production of 
a zonal subdivision might eventually be- 
come necessary. As far as obtaining the 
maximum economic recovery from the 
field is concerned, the. competitive ad- 
vantages gained by most of the opera- 
tors who have completed multi-zone 
wells have not contributed to overall re- 
covery efficiency and greater recovery 
might have resulted from single zone 
development using cemented blank ‘ec- 
tions where necessary to control produc- 


‘tion. It is emphasized that conclusions 


in regard to Wilmington are in no way 
intended to reflect on decisions to use 
multi-zone completions in other fields 
where mechanical problems are less se- 
rious, drilling more expensive, and re- 
covery from individual zones relatively 
low. 


@ Acknowledgments. The authors ex- 
tend their appreciation to the operators 
in the Wilmington field for providing 
the data used in this report. 
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MorelowCost, FullGaugetlole 


The GRANT REAMER with roller bearing cutters is the 
ideal tool for reaming all types of formations. It is 
equally satisfactory in hard rock or in sticky shale. The 
efficient performance of this reamer has made it a fa- 


vorite the world over. 


@ Cutters are set at the correct angle in the body to 
produce a shearing-chipping action that assures full- 


gauge, clean hole through any formation. 
Also, the cutter design and the “angle of 
set” prevent the reamer from threading 
itself into tight hole. 

@ The reamer body is streamlined to allow 
maximum clearance which permits faster 
rotation and allows the free flow of the 
drilling mud. 

@ One reamer, or two in close tandem, above 
the bit will centralize and stabilize the 
drilling tools and at the same time keep 
the hole clean and to full gauge. 

@ The highest quality materials and work- 
manship combined with proper functional 
design assures more footage with less ser- 
vicing than any other similar tool available. 






REDUCE PIN WEAR... 
INCREASE CUTTER LIFE 


Minimum pin wear, maximum 
freedom of rotation and in- 
creased cutter life result from 
the advanced design of. the 
GRANT REAMER. One important 
feature of this reamer is that 
either the pin end or box end 
can be run up by simply revers- 
ing the cutters. Regardless which 
“end-up” is run, cutters and pins 
are securely locked in position. 


For full details on the GRANT Reamer or other tools mail the 
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coupon below—See the GRANT Section in the Composite Catalog 


Sa ee 


‘ GRANT OIL TOOL CO. 

2042 EAST VERNON AVENUE, 

LOS ANGELES 11, CALIFORNIA. 
Please send me, without obligation, complete information 
on the GRANT Tools checked below. 


RRR Ss <A A A ZIVER Wstisicccetecs 

IIE ainda jain ceniniaceanenubdayadiimandptensoerapeneaae 

I ics nc binenttint barhemionneenecipiiemseesettnbbednatntinnll 

Ge ate tncnpctacacavsebinansnptwedingeiben ae 

Si “J oe ee 2 Bailers C2 Cleaners CZ Hole Enlargers C2 Liner Pullers 
‘ia Sal we (J Reamers ([J)Shale Bits ©) Underreamers () Wall Scrapers 


(} Safety Automatic Pressure Releases (Mud Pumps) 
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FIELD TESTING OF DRILLING FLUIDS* 


By VERNON B. ZACHER, Tide Water Associated Oil Company 


@ Introduction. Although many excel- 
lent papers have been written on drilling 
fluids, many of these never got beyond 
the laboratory. Papers such as Cheney’s, 
which bridge the gap between labora- 
tory and field, are fine contributions. 

Additional information on new instru- 
ments, chemicals, and procedures, to be 
applied directly at a drilling rig are 
presented. 

These items are presented in the be- 
lief that mud engineers may improve 
their work by reference thereto. It is be- 
lieved that an honest exchange of ideas 
helps everyone. 


@ New testing apparatus. Chemical 
testing kit. Fig. I shows a test kit that 
has resulted from work done to provide 
an adequate apparatus that allows easy 
determination of the important proper- 
ties of muds. The kit provides a test for 
calcium and most of the other important 
ions in a filtrate. The following limita- 
tions had to be overcome to make the kit 
applicable on a drilling rig: 

1. Provide means of getting a com- 
plete test on a small amount of solution, 
actually semi-micro in character. This 
kit requires only 13 cc. of solution. 
Actually, to check the main trouble-mak- 
ing ions in mud, such as the calcium, 
magnesium, chloride, sulphates and pos- 
sibly sodium, requires only 54% to 6 cc. 
of filtrate. 

*Presented before American Petroleum Insti- 
tute Pacific Coast District Division of Produc- 


tion, Los Angeles, California, March 29, 1945. 
Subject to correction. 


FIG. 1. Mud kit containing chemicals. 
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2. It must be sufficiently portable to 
carry in a car and on to a rig. The ar- 
rangement must not hinder fast work 
(bottles must be handy). Further, the 
kit must be complete and independent 
of rig appliances. 

3. Filtrate must be clear for colori- 
metric tests. Quebraco color is removed 
by boiling with activated carbon. 

4. Arrangement of parts is necessary 
to give speed, accuracy and cleanli- 
ness. Speed of test for 14 ions is about 
20 min. 

5. Simplicity is necessary, and by it 
various people can check with each 
other. The results of one kit must be 
comparable with that of another. 

6. Provide space to carry accessories 
such as weighing spoon, stop-watch, 
thermometer, alcohol lamp, filter pa- 
pers, and key book containing color 
data. 

7. Provide space forsufficient amounts 
of treating chemicals, such as que- 
bracho, phosphates, etc. Eighteen re- 
agent bottles are carried as well as 11 
bottles of treating chemicals. In addi- 
tion, 14 empty 15 cc. bottles are carried 
ready to receive the sample. In all, there 
are a total of 45 bottles so that cabinet 
design and bottle selection proved im- 
portant. < 

The kit may be devised using any ap- 
proved semi-micro colorimetric method. 
The claim of quantitative results is not 
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made; however, quality of color is quan. 
titative in a limited way. Conservatively, 
the results are easily discernable ag to 
large, medium or small amounts. If ac. 
curate quantitative results are required, 
a colorimeter is necessary. If there is q 
question concerning accuracy of the 
method of using filtrate to measure total 
ions in the colloidal system, this is not 
claimed. Actually, any ions present in 
the filtrate represent an excess not ad- 
sorbed on the clay particle. If any excess 
exists, it is important because it is ayail- 
able to damage clay or water. Thus, if 
any calcium is found in the filtrate it is 
important. The same holds with other 
impurities. 

New jobs not contemplated for the 
tester have come to light after moving 
to the field. These are: 

1. Tests on boiler waters. 

2. Tests on soils, or waters leached 
therefrom. 

3. Tests on formation soils, or water 
leached therefrom. 

4.. Tests on water from oil well cores. 

5. Tests on formation waters. 

6. Tests on.mixing waters for muds. 

7. Tests on filtrate from new clays for 
rotary mud. 

The ionic method of reporting salts is 
simple and direct. Unless it is necessary 
to characterize the salt causing these 
ions, hypothetical groupings are actual- 
ly unnecessary. Results are expressed in 
lb. per bbl.; to convert to parts per 
million, multiply by 2950. 


FIG. 2. A filter press built for work on a drilling rig. 
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Bottom hole conditions vitally affect the successful production of any oil 
well. The more the pumper knows about what's going on three, five, seven, 
or ten thousand feet below the surface of the ground, the better maximum 
production may be ‘maintained. 


Kobe's system of Hydraulic Pumping does not provide a crystal ball which 
gives all answers. It does indicate, however, in a very definite manner, certain 
things which pumpers want to know. For example: a check of pumping 
pulsations and observations of the well control gage tells whether oil is 
being pumped steadily and how fast the pump is operating. Most important 
of all, the pumper can determine whether all of the oil produceable is being 
drawn from every well hooked into Kobe's centralized power unit. 


Giving a better knowledge of bottom hole pumping conditions is only one 
of the many advantages offered Kobe users. This equipment’s amazing 
flexibility, its adaptation to shallow or deep pumping, the lease operator's 
ability to add additional wells to his present central power plant are but a 
few of the exclusive Kobe features. Contact a Kobe representative today 
and see how these advantages can improve your pumping operations. 


PUMP THE MODERN WAY—USE KOBE 
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baad . 
KOBE, Incorporated. General Offices & Plant: 
3040 East Slauson Ave., Huntington Park, Calif. « Mid-Con- 
tinent Division Offices and Shops: 230 S. E. 29th St., Oklaboma 
City, Okla. California Division Offices: 217 Wilson Bldg., 
Huntington Park, California + Export Agent: Petroleum 
Machinery Corporation, 30 Rockefeller Plaza, New York, N.Y. 
“ONE OF THE DRESSER INDUSTRIES” 
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Mud tests are important because the *”- press built, not in conflict or competition 2. The machine is complete in 
quality of a mud igs dependent on soluble to the air type, but for work on a drilling unit, lacks air bottles, hose, and stg 
salts in the: . 7 rig exclusively. It does not offer any for the pressure cell. 

(a) Mixing water. particular advantage in a lab, but it has 3. Only inside of bag gets muddy ¢ 

(b) Rotary clay. several points of advantage in the field. ing use—easy to clean. } 

(c) Formation waters. ‘ 1. It is portable—wt. about 11 Ib., 4. Pressure is checked by touch 

(d) Formation. ' also filtrate vial and filter paper are car- sight. ; 

@ Filter press. Fig. 2 illustrates a filter ried in the machine. 5. Operation is fast, although, as 

other instruments, some practice is 
essary before speed is possible. 
FIG. 3 6. Few repairs are required to 
in operation. 


7. Synthetic rubber bag allows use 
The accuracy and reproducability of the Zacher filter press was conducted in the Ventura il bas lei d q 
laboratory of the Tide Water Associated Oil Company. The test was conducted by John F. oul Dase or emu on muds. : 
Herold and Donald E. Butler and observed by Neal Thompson of Baroid Sales Division. Advantages gained were at some ¢ 
The presses used were instruments that have been used by Zacher, Herold, Butler, and namely: ‘ 
Krechtler, also a press that has been in the Baroid laboratories for observation and testing. y: 
These mechanical presses were compared with the standard air pressure operated filter press. 
The time interval on these tests was one-half heur with a pressure of 100 lb. per sq. in. The 
mud used was Hi-Ko regular clay, which was-thoroughly hydrated having been soaked and 
blunged for 10 days. 





Accuracy and reproducability test of Zacher filter press. 


» 


FIG. 4. Sand content slide rule. 


_ ee —— z B - (Arrangement suggested by De 
air press : ” press press* press mar Larson, Baroid Sales Division 
1 setest Secaitebertt i cacstdiapcae 16.2 15.8 é 16.5 
2 LAS SE EE LORE TS 16.2 16.4 : ‘ 
(BC ER eee eee 16.2 16.5 a 
Average __. aes ils ulibeua leis sinctantig nee 16.2 . 16.2 . 16.5 
Per cent deviation from standard ....... 0.0 0.0 0.0 2: 1.9 
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*Ready to junk. 
The take up of the Zacher filter press to maintain 100 lb. per sq. in. required two adjust- 
ments over the one-half-hour period: The first adjustment being at 5 min. and the second at 
20 min. . " 











« 
FIG. 5 Alignment chart for determining the per cent of sand in mud by weight. 
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FOR PER CENT ABSOLUT 


J10 120 130140 150 Ann guik VOLUME SET 
WATER OPPOSITE ARROW 


WEIGHT SAND AND 





INSTRUCTIONS 

SCREEN THE SAND FROM 250 CU. CM. OF 
MUD THROUGH THE SPECIAL SCREEN. IF DILU- 
TION DOES NOT CAUSE WATER AND UNDER- 
SIZE MATERIAL TO GO THROUGH THE SCREEN, 
IT IS PERMISSIBLE TO POUR WATER CAREFULLY 
OFF THE SCREEN, SINCE UPON DILUTION THE 
SAND PARTICLES DROP OUT. WHEN ONLY 
SAND REMAINS ON THE SCREEN, PLACE THE 
SPECIAL FUNNEL OVER THE HYDROMETER CUP 
AND WITH A SMALL GENTLE STREAM OF WATER 
WASH THE SAND CAREFULLY INTO THE CUP. 
THEN FILL THE REMAINING SPACE WITH WATER, 
ATTACH TO THE HYDROMETER AND NOTE THE 
SPECIFIC GRAVITY. TO READ PER CENT SAND 
FROM THE CHART, CONNECT THE SPECIFIC 
GRAVITY WITH THE MUD WEIGHT BY A 
STRAIGHTEDGE AND WHERE THIS INTERSECTS 
THE DIAGONAL LINE, THE PER CENT SAND |S 
READ DIRECTLY. 


ito ; 10 : hy RS she 





100 


ABSOLUTE 
r “‘* 
80 85 90 95 1 





wT Ui Li 


7s 








SAND 
BY VOL 
70 


ERCEN 





TT LU hdd 





qT 
ds 


? 10 





Teeviee 











48 


PERCENT SAND BY WEIGHT MUD 


(14/°81) LHOIM GNw 
FINAL MUD WEIGHT 


PERCEN 
SAND 
WT SOLID 


BRAUN HYDROMETER 


WT MUD 


67 68 69 70 
ABSOLUTE VOLUME MU 
ORIGINAL MUD WEIGHT 
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NOTE: PER CENT SAND IS BASED UPON THE 

RELATION OF THE WEIGHT OF ACTUAL SAND, 
+ LARGER THAN THE MESH USED (IN THIS CASE 

NO. 200), TO THE TOTAL DRY SOLIDS OF THE 

MUD. 

THE CHART MAY BE USED WITH SCREENS OF 

ANY SIZE. 


(SAND FROM 250 ML OF MUD) 


WEIGHT OF SAND AND WATER (LB./FT.") 
MUD_ BALANCE 





:BAROID 
PER CENT 
SAND 





MUD WEIGHT 
LB. PER CU. FT 








SPECIFIC GRAVITY OF SAND FROM 250 CC MUD IN A 50 CC HYDROMETER CUP 
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20,000 FT. WELLS? 


(LINK-BELT CHAINS 
ARE READY! 





@ When the time comes to pierce the earth 4 miles in search 
of “pay”— it’s a comfort to know that Link-Belt has chain 
brawny enough, tough enough, efficient enough to do the job. 


It is a comfort to know that, since chain was first used in the 
oil industry, Link-Belt engineers have never ceased matching 
chain design and construction to the ever-changing needs and 
techniques of drilling. As your new drilling problems arise—you 
will find Link-Belt research has anticipated them. 


Silverlink roller chain illustrated, is built to manufacturers’ 
(A.S.A.) standard sizes in single and multiple widths to meet 
all requirements. 


LINK-BELT COMPANY 


Indianapolis 6, Dallas 1, Houston 2, Los Angeles 33, 
Kansas City 6, Mo., New York 7, Toronto 8. 


CHAINS 


FOR EVERY OIL INDUSTRY SERVICE 
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FIG. 6. An automotive laboratory arrangement. 


1. To keep the pressure at an average 
100 lb. per sq. in., adjust the wheel 
every 10 to 15 cc. of filtrate. If one 
allows indicator to extend about 1/16 in., 
then recede a like amount, the spread of 
110 lb. to 90 lb. will bring out more 
filtrate. . . 

2. Errors were in the order of 1.9 to 
3.7 per cent on the instruments. Newer 
models may correct this. 

3. Capacity: The instrument was not 
built to squeeze more than 100 cc. out of 
the pint mud sample. If water loss as 
large as this is contemplated, operator 
should change mud engineer or calibrate 
to compensate for extra compression of 
rubber wall of bag. 

4. Upon filling with mud, care must 
be taken to prevent spilling. 

Fig. 2 shows the disassembled parts. 
The “mud end” consists of a rubber 
bag. To fill, press is stood upright. Oper- 
ating position is horizontal. 

The other end -is a light weight gear 
hox that gives mechanical advantage of 
3. The gear change is from direct drive 
of a 12 thd. per inch, 1-in. dia. screw 
to a 3 to 1 gear ratio on the internal 
gear, which produces a total pressure of 
100 lb. per sq. in. on the filter. The pis- 


ton engages the bag, and since “accord- 


ion” action is not possible, the action is 
compression of an area of rubber equal 
to the bag thickness times the circum- 
ference. The rubber section is under 
compression, and compensation is made 
for it by calibration. Refer to Fig. 3. 
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Mr. (Copy to foreman 
Casing Sue & Depth 

Time 

Where Sampled (outlet or inlet) 
Kind of Clay or Mud 
Chemical Used 

Mud Weight (#/cu. ft.) 
Viscosity (Seca. @ 300cc in 5$00cc out) or, Cent.* 
% Sand (by weight, on 200 Mesh) 

Gelling Characteristics (gm/meter*) 

Fluid lose (cc @ 100 Ibs. per 15 min.) 

Cake Thickness (mm @ 100 Ibe per 15 min.) 
pH (Hydrogen ion 0) 


Temperature (Deg. F.) 


WELL & LOCATION 
Hole Size & Depth 





Vol. of Hole Pa 







































































ION CONCENTRATIONS (Ibs. per bbl.) 


















































loa Conc. | Dew] lon Cone. | Deg || ton Cone 
Nitrate (NO,) Calcium (Ca) x 

| Nitrite (NO,) Carbonate (CO,) Sulfate (SO,) AX 
Ammonia (NH,) Magnesium (Mg)| >< Chloride (C1) | XK 
Phosphate (PO,) | Aluminum (A1) Sodium (Na) |(<) 
Potassium (K) | ( XX) Iron (Fe) i 
NATURE OF JOB RECOMMENDATIONS:— 





















































Test Engineer 














*Centipoises 


FIG, 7. A typical mud form. 











FIG. 8 
Standard test of average or heavy muds. 


pees Name of clay 
» Supplier 











Date sample received 
Data for mud index: 
. Weight (lb./cu. ft.) at 30 seconds viscosity ‘““W” 
... Water loss (cc) *“‘L”’ 
.. Filter cake (mm) ‘“‘T”’ 
.. Reaction to chemical (TSPP) (from 30 seconds viscosity at 1 lb. per bbl.) “R” 


Date tested _. 








at 78 lb. per cu. ft. and 1865°F. 





Index... ee ) “WX 1000 - 
( ) aa” x ( ) —— x ( ) — 
Where: “W” = mud weight, (Ib. per cu. -ft.) at 30 seconds viscosity 
“L” = water loss (cc) at 78 lb. per cu. ft. and 186°F. 
“T” = filter cake (mm) at 78 Ib. per cu. ft. and 185°F. 


“R” = reaction to TSPP (from 30 seconds viscosity at 1 Ib. per bbl. or 1.7 
grams per 600 cc.) 


Data on use of a straight drilling mud: 
... Water loss (cc) 
.. Filter cake (mm) 
.. Water loss (cc) 
Filter cake (mm) 
............ Sand content (per cent by weight based upon dry solids) 
ee Salt content (grains per gallon using above filtrate) 


Note: All viscosities at 500 cc. in and 500 cc. out, through 3/16-in. orifice. 
All filter tests taken at 100 Ib. per sq. in. from zero to 15 min. using 3-in. dia. cell. 
TSPP abbreviates tetra sodium pyro phosphate, anhydrous. 


t at 30 seconds viscosity and room temp. 


tat 78 lb. per cu. ft. and room temperature. 














Tide Water Associated Oil Company 
Test Department 
Ventura, California 
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oO a baseball diamond or a bomber assembly line, each man 
must do his part well in order to get results. As a member 
of your team the Lane-Wells Field Engineer stands ready to 
provide Technical Oil Field Services and to carry out your 
orders to help in the job of producing more oil efficiently 


and economically. 


More than 60,000 successful Gun Perforator jobs provide 
a backlog of experience in almost . 
every oil field in'the United States. 
Engineers and Operators of more 
than 3800 Companies can tell you, 
“It pays to team up with Lane-Wells. 
Call them on your next job.” 


1. RADIOACTIVITY 
WELL LOGGING 


Lane-Wells Radioactivity Logs ac- 
curately locate potential produc- 
ing zones in existing wells which 


*\#] may have been passed by in the 


original completion. 


2. GUN PERFORATOR 


Lane-Wells GUN PERFORATOR 
Opens new or secondary producing 
zones for additional production 
to increase each well’s ultimate 
output. 


3. PACKERS and 
LINER HANGERS 


lane-Wells builds packers and 
liner hangers to meet successfully 
every condition requiring the use 
of these specialized tools. Stocks 
are carried in Lane-Wells factory 


and branches for your convenience. 








@ Hydrogen-ion test. Hydrogen-ion 
test is, of course, a necessary measure- 
ment. Its accuracy is important, and, 
although use of a Beckman or an equiva- 
lent instrument is essential, there is one 
universal range tape enclosed in the kit 
for routine checking. The tape is shown 
in the illustration of the chemical kit. 
\lthough the error can amount to | unit 
pH, it is a guide to: 

(a) High alkalinity pH. 

(b) Medium high alkalinity pH. 

(c) Neutral pH. 

(d) Medium acid pH. 

(e) High acid pH. 

For quick check, and if one side is 
applied directly to mud, the color will 
show by seepage, on other side. 


@ Sand test. See discussion under 
“Sand.” and refer to Figs. 4 and 5. This 
test deserves attention for its speed and 
accuracy. 

Two hundred fifty cc. of mud is placed 
into a liter cup, which is filled with 
water, stirred and, after a minute, sep- 
arated hy decanting. The sand is trans- 
ferred into a graduated scale hydro- 
meter cup and the remaining space 
filled with water. 

Then, using either a nomograph or 

special slide rule, the per cent sand by 
weight or volume is read. There is no 
thought of confusing present methods 
of measuring sand, however, report of 
sand as a per cent of total solids is such 
as to take account of a low per cent 
clay. This percentage actually indicates 
the settling tendency when viscosity is 
considered. It shows the danger of the 
sand to the drilling operation. 
@ Automotive laboratory arrange- 
ment. Fig. 6 illustrates an automotive 
laboratory arrangement. The following 
are some handy devices: 

(a) Basic idea on the design is that 
when “turtleback” is raised, the in..tru- 
ments are ready to go to work. Saves 
time unwrapping and unpacking. 

(b) Electric centrifuge—-very handy 
in various tests. ° ; 

(c) All large instruments are placed 
on “bread-boards” so that when travel- 
ing, they are shoved into their space and 
are held down. 

(d) Double “deck” can be opened 
backward on piano hinge, providing an 
outboard work table. 

(e) Hydrometer tube or well is 
“buried” in the fender opposite the gas 
cap, and kept full of water ready to use. 

(f{) Door to centrifuge and mixer 
compartment is equipped to hold a fun- 
nel for salt test. 

(g) A 20-gal. tank, containing air and 
water, built as an air receiver, is 
mounted ahead of, and hidden by, the 
cabinet. The air filter press is supplied 
from top of tank, the water nozzle takes 
water from below this air space. Refill- 
ing takes only a few minutes. 

(h) A filter press was rebuilt as seen 
on photo to have a fixed upper head. 
The cell fitting into this head was tight- 
ened, by means of cams beneath, oper- 
ated by a 6-in. handle. The filter press 
was much improved and worked very 
well. The idea may be interesting to 
some. 
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Standard test of light or colloidal muds. 


Date sample received 


Data for mud index: 


Yield at 30 seconds viscosity (bbl. mud per ton dry clay) “Y’’= 


Water loss (ce) “ 


Filter cake (mm) “* 


Reaction to chemical (TSPP) (from 30 seconds viscosity at 1 lb. per bbl.) “R” 


Index... RES eS, ie 
“A irae xe )“R" 
Where: “Y’’ = yield in bbls. per ton at 30 seconds viscosity 
“L” = water loss (cc) at 30 seconds viscosity and 185°F. 
“T” = Filter cake (mm) at 30 seconds viscosity and 185°F. 
“R" = reaction to chemical (from 30 seconds viscosity at 1-lb. per bbl. or 1.7 





FIG. 9 


+4 


» Name of clay 





» Supplier 





wisn Date tested - 


L 
r at 30 seconds viscosity and 185°F. 


grams per 600 cc.) 


Data on use as a straight drilling mud: 
Weight (lb. per cu. ft.) 


Water loss (cc) 


Filter cake (mm) 


Sand content (per cent by weight based upon dry s@lids) 


at 30 seconds viscosity 


t at 30 seconds viscosity and room temp. 


Salt content (grains per gal. using above filtrate) 


Deflocculated mud (2 lb. TSPP per bbl.) 
Weight (lb. per cu. ft.) 
Water loss (cc) 


Filter cake (mm) 


Note: All viscosities at 500 cc. in, 500 ce. out, through 3/16-in. orifice. 
All filter tests taken at 100 lb. per sq. in. from zero to 15 min., using 3-in. dia. cell. 


at 30 seconds viscosity 


t at 30 seconds viscosity and room temperature. 


TSPP abbreviates tetra sodium pyro phosphate, anhydrous. 


ee OR ee ee 


Signed 


__ 222 
Mud wt.—62.4 








Tide Water Associated Oil Company 7 as 
Test Department 
Ventura, California 

FIG. 9a 


Outline of procedure on mud problems. 


On any mud problem, whether emergency or routine, the following outline of 
attack may be followed profitably. Simply divide it into three steps, namely: 


11. 
| Symptoms, their examina- 
| tion which allows :.... 


| 
| Visually examine mud- 
ditch, screen, pit and ac- 
Examine | tion of tools. Get crew to 
rig | talk informally about rig. 


| 





| 


2 
Diagnosis and interpreta- 
tion to find causes, which 
ae See 


ee 





3. 
Proper 
Treatment 





The examination should 
give overall picture which 
often can suggest treat- 
ment without further test- 
ing. Example — pit loses 
mud, treat with gel flakes. 





| 
Make all necessary physi- 
Physical | cal tests and log these. 


The physical changes in 
mud often show the exact 
trouble. Usually this test 
suggests further testing of 
chemical aspect. 


Treatment may be all 
based on physical like use 
of gel flakes. Also 
data will be used with 
later tests. 


Treatment is often com- 
pletely indicated by physi- 
cal tests (weight, fluid- 
loss, cake, sand, etc.) 


— 





tests 
Make all necessary chemi- 
eal tests and log these 
Chemical 
tests 
| Note well if personnel is 
Personal | irked or excited. 
aspect ‘ 


| 


This is next step by which 
time a complete picture is 
obtained to suggest trouble 
and indicated treatment. 


Proper treatment can usu- 
ally be tied down to spe 
cific impurities. Example 
is Calcium, SOs, etc. Tests 
should be complete at this 
stage. 


—_——$—$—— 





This condition usually 
caused by anxiety or fa- 
tigue. 





One should recognize these 
problems of personality 
and handle with under- 
standing and patience. 
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WHEN YOU ORDER 


Re ill, bio? 


DON’T BOTHER ABOUT SHAFT DIAMETERS 
AND STUFFING BOX DEPTHS... 












Listen to "Science Looks Forward” —new series of talks by the 
great scientists of America—on the Philbarmonic-Symphony 
program. CBS network, Sunday afternoon 3:00 to 4:30 E.W.T. 





SERVING THROUGH SCIENCE 


UNITED STATES RUBBER COMPANY 


1230 SIXTH AVENUE + ROCKEFELLER CENTER + NEW YORK, 20,N. Y. 
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mud. Use TSPP. 


liner. Use TSPP 


pump slow. 


per bb 


Starch mud is good. 





FIG. 10 


Skeleton outline of defective muds and their treatment. 


1. High temperature muds—Frequent, high fliuid-loss ; 
SHMP, or Que. Also di-cy, negrosin, with step cooler. 

2. Excess colloidal material—Characterized by increase of weight, formation bentonite, “gel- 
happy” personnel. Use heavy mud or BaSOQs, reduce pH, use STP, SHMP, or SAPP. 

3. Poor mud and colloidal material— Build up with good clay to get weight and regain col- 
loids. Add or sweeten by schedule. Use TSPP usually. 

4. Hole contamination—Hole makes poor mud, or shale waste material. 


5. Hole sloughing—Sometimes results in tight hole from mud wall; 
Increase the weight. Reduce pH. Use STP. 

6. Sand—Natural in top hole; 25 per cent OK for surf. csg. job; reduce if it runs 15 per cent 
in ordinary drilling; for liner, keep under 10 per cent. Watch that liner doesn’t clog with 
sand. Test on weight basis safest. Test daily. 

7. Excess bottom-hole de-watering—Stops a bit, also electric log and hole survey tests. Use 
Lig/gel, or Lig/H2O, at 5 lb. per bbl. and 150 Ib. per bbl., 


8. Lost circulation—If slight, use bark, hulls or gelatin. If bad, use sod. sil/CaClz. May precede 
with CaSO. and wool matrix. Use cement wagon. Reduce weight and visc. Go slow and 


9. Caleium—From cement, gypsum, or saline bent. Treat with oxalic acid and TSPP or 
SHMP. Oxalic acid not usable when carbonates are present. 

10. Magnesium—From saline bent, etc. Treat with NaBOz and/or TSPP and SHMP. 

11. Sulphates—From gypsum, or hole clays. Treat with BaCO: in excess. Allow 10 hr. for reac- 
tion. Makes change to BaSOs. Supplement with SHMP. 

12. Cement-cut mud—If slight, use Que., SAPP or SHMP. If bad, use oxalic acid in absence 
of carbonates. Use fresh colloid clay and SHMP. Reduce pH. 

13. Shale—Prevent by non-hydration; reduce pH; use sufficient weight material ; 
low water-loss. Warnings, if pump slows, pull up; if light thick mud returns, discard. If 
severe, use weight material and minimum colloids, plus ‘‘N” silicate, plus or minus 15 Jb. 


14. Salt or chlorides —Treat if over 600 g/gal. If salt water comes into the hole, build up 
weight but take care not to lose circulation. Use Irish moss, Que. or SHMP and silicate. 


15. Gas—Bubbles or gas-cut mud; pit gains; weight build-up indicated. Gas-cut mud after a 
trip OK. Use a gas trap. Have plenty of weight material and mud on hand. 

16. Overtreatment—Too much chemical. Use new clay or weight material. Reduce pH. Reduce 
viscosity with SHMP or large amounts of protective colloid like Que. at 4 to 5 lb. per bbl. 





tight hole. Reduce pH, use STP, 


Replace with good 
bit can’t go to bottom. 


respectively, to drill in or to run 


maintain 








@ Maud reports. Figs. 7, 8, and 9 show 
typical mud forms good for the follow- 
ing records: 

1. Routine testing and control; for 
daily checks or less frequent visits. 

2. Special testing and control work 


such as caving shale, conditioning for 
running casing, etc. 

This form accommodates tests, sched- 
ules, or recommendations, to be entered 
as a log, chronologically. 

The form also includes space for a 





record of impurities in ion form 
pressed in lb. per bbl.), gel strer 
and filter-cake (expressed in gy 
units), and fluid loss (15 min. test), 

Figs. 8 and 9 show forms for repo 
clay-test on heavy muds and light my 
respectively. The tests for ions leached 
from these muds are made from the fj. 
trate and noted on the back of the sheet, 
The mud index, or evaluation formula 
used for heavy muds i is identical to 
used for light muds with one except) 
In this formula the weight, at fixed y 
cosity of 30 is a criterion in the he 
muds, whereas the yield (in bbl. 
per ton dry clay) at fixed viscosit 
30, is the criterion in the light of 
loidal mud. The index uses the pring 
that the merit of the mud is direg 
proportional to weight, indirectly 
fluid loss, filter-cake, and reaction: 
chemical. In the case of the light m 
the “yield” (bbl. mud per ton clay) 
used instead of “weight” (lb. per 
in the heavy mud formula. 





























@ Acknowledgments. The writer is. 
debted to the management of the 
Water Associated Oil Company, to 
J. F. Herold, and to Mr. D. E. Bu 


for help and collaboration. 


Bibliography 


“Positive Colloid Muds for Drilling thre 
Heaving Shale,’’ Donald C. Bond, Petre 
Technology 7, No. 1, January, 1944. 

“A Review of Recent Advances in Drill 
Mud Control,’”’ Preston E. Chaney, API p: 
presented November 10, 1942, Chicago, Ps: 








Rice: BROS 8 NESBA SLE SS REDO LEER RSET CI BE EEO IE TAIT CE 
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E-C 


INCLINOMETER 


Our rental customers receive the E-C Inclinometer in this 
compact carrying case. They are assured of the security and 


accessibility of the contents. 


The E-C Inclinometer is made of K-Monel Metal, which 
is the highest possible grade material and lends itself to 
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If the products you are 
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war market will benefit 
from better conforming 
CLUTCHES, our engineers 
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You can utilize their ex- 
tensive, war-tested clutch 


SEND FOR THIS HANDY BULLETIN ON POWER TRANSMISSION 
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Contains diagrams of unique applications. 
complete specifications. 
help in this handy bulletin, when planning postwar products. 
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Performance of Gas Lift Through Small Tubing? 
By A. C. TUTSCHULTE, Tide Water Associated Oil Company 


@ Introduction. The problem of how 
to produce an oil well in the most ef- 
ficient and economic manner when it 
ceases to flow by its own energy, is one 
that confronts every oil operator at some 
time during his producing operations. 
The methods of artificial lift to be con- 
sidered after the flowing life of the oil 
well has been exhausted, may be broadly 
classified into two categories; produc- 
tion by gas lifting and production by 
pumping. There are, of course, many 
different ways of utilizing gas to produce 
oil wells as well as several different 
types of pumping systems. The applica- 
tion of gas lift through tubing of the 
size that is usually installed in the 
majority of oil wells, that is 244-in. and 
3-in. tubing, has been thoroughly investi- 
gated and reported within the past few 
years. However, relatively few data have 
been made available on the use of small, 
so called “macaroni” tubing in conjunc- 
tion with the use of gas for producing 
oil wells. 

The data presented in this paper have 


through macaroni tubing by intermit- 
tent gas lift. Application of the data 
herein presented to the group of wells 
studied reduced the gas consumption by 
65 per cent. It is believed that similar 
economies may be effected in other wells 
by careful study and analysis of the 
system used. 

It is the purpose of this report to 
present an analysis of gas lift operations 
through 114-in. “macaroni’ tubing; to 
show the behavior characteristics of 
wells when produced by this method; to 
discuss some of the operating and per- 
formance characteristics: encountered in 
gas lifting oil through small tubing; to 
indicate some of the limitations of pro- 
ducing oil by this method, and to pre- 
sent a summary of data gathered in the 
course of testing gas lift wells. 


@ Extent of investigation. In investi- 
gating the characteristics of the gas 
lifting of oil through any. size tubing, it 
is considered desirable to analyze con- 
tinuous and intermittent gas. lift sep- 


part, the application of gas lift by iy 
termittent injection, through Win 
diam. macaroni tubing. This was deeme/ 
advisable not only because more dat 
were available concerning intermittey 
injection but also because the wells thy 
were available for testing purposes wer 
being produced by intermittent gas lif 
injection. Therefore, it was possible tp 
conduct a more detailed and _ varied 
series of tests than could otherwise hay 
been obtained. 

One of the great difficulties in analy, 
ing the performance of any method of 
production is that of separating the ef- 
fects of the individual well characteris. 
tics from that of the system being 
studied. The well characteristics, which 
have been pointed out previously by 
other investigators, are herein again 
listed because they must be considered 
in order that proper evaluation can be 
given to any system of artificial lift 
Those considered to be important fae- 
tors in this investigation are: 


P 515.32 














































































































































‘ se ia . : i tion pressure. 
come from various sources but were arately. Although it is the purpose of ; oe 205 in a. non 
principally secured while studying the this report to discuss, generally, as wide 4 yp uctivity : “ . 
operation of a group of wells produced _—a range in the use of “macaroni” strings , ee ee 

*Presented before American Petroleum Insti- in conjunction with. the. application of 4. Depth of well. . , ; ‘ 
tute Pacific Coast District Division of Produc- gas lift as the available data permit, we 5. Viscosity and gravity of oil. 
tion, Los Angeles, California, March 29, 1945. * # . 
Subject to correction. have chosen to investigate, for the most 6. Water content. 
FIG. 1. Production performance as affected Oo ss FIG. 2. Gas lift frequency as affected by 
by changes in frequency of gas injection. P changes in frequency of gas injection. 
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The effects of casing and liner size 
were not observed but probably were 
negligible because of the dual tubing 
string. Other possible conditions which 
might affect well performance such as 
asphaltene deposition, excessive sand 
production and so on were not encoun- 
tered. 

An operator, when considering the ap- 
plication of a particular method of gas 
lift, is primarily concerned with: 

a. The efficiency of utilization of the 
energy in the gas available for lifting 
the liquid, and, 

b. The capacity of the system as com- 
pared with the maximum capacity avail- 
able from the well. 

The first question can most practically 
be answered by determining the quanti- 
ties of gas consumed per barrel of liquid 
lifted for various producing conditions. 
The second or the ratio of the actual pro- 
duction obtained to the calculated pro- 
duction for zero bottom hole pressure 
is the effectiveness of the gas lift method 
and is mainly dependent on the submer- 
gence pressure, for a flow string of a 
given diameter and length. Of course, as 
stated before, proper consideration must 
be given to the well characteristics when 
seeking the answer to the above ques- 
tions. 

All obtainable information pertaining 
to the above considerations should be 


worthwhile if it can be analyzed and 
compiled in such a manner that it will 
be useful in the future for properly eval- 
uating and applying gas lift methods. 

Although specific performance data 
of individual wells produced by gas lift 
from a particular reservoir may be of 
some interest, the general application of 
such information to wells producing 
from other reservoirs under different 
conditions will be limited. However, it 
was felt that knowledge of wider appli- 
cation could be secured if careful ap- 
praisal was made of the many variables 
that affect individual well performance. 
Therefore, in order to determine such 
relationships as may exist between the 
various factors that influence the pro- 
ductive capacity and the efficiency of 
this method of applying gas lift, an in- 
vestigation was made, first, by conduct- 
ing a series of actual tests of intermittent 
gas lift performance through 114-in. tub- 
ing. and second, by examining other 
available data on gas lift through small 
tubing. 

Because the pressure at the bottom of 
the flow pipe (114-in. macaroni in these 
tests) and the volume of gas required 
to lift the fluid are the two fundamental 
factors in the gas lift system, the test 
data were analyzed in particular to de- 
termine if a relationship existed be- 


” tween these two variables. 



































TABLE 1 
Results of intermittent well testing. 
, . — . Bottom 
bs Injected gas Injected gas | Timing, Average tubing : 
oe gpl rate, M. cu. ft. | volume, M. cu. Total gas | second per pressure, paneer 
: y per day ft. per day minute lb. per sq. in. | yp arte 
} | | 
Well A 
310 280 35 175 30/4 50 181 
280 290 24 140 30/6 40 191 
255 290 18 130 30/8 35 200 
230 280 14 124 30/10 50 206 
270 9 114 30/15 40 214 
250 425 14 150 30/15 60 186 
210 230 12 110 30/10 60 206 
250 460 23 134 30/10 70 188 
275 675 34 149 30/10 90 171 
310 1170 58 190 30/10 100 182 
Well B 
95 460 57 87 30/4 50 460 
80 460 38 60 30/6 50 480 
70 490 30 67 30/8 55 500 
62 485 24 32 30/10 60 515 
55 485 16 26 30/15 60 540 
68 450 45 55 60/10 60 490 
105 840 84 95 60/10 50 450 
120 1036 104 135 60/10 80 430 
130 1270 127 165 60/10 80 410 
115 1060 106 138 60/10 80 
Well C 
270 590 74 153 30/4 110 710 
220 580 4s 130 30/6 100 720 
200 580 36 115 30/8 100 740 
180 575 28 90 30/10 90 760 
155 565 19 77 30/15 80 780 
160 475 23 78 30/10 80 770 
190 760 38 100 30/10 90 730 
5 950 47 118 30/10 100 710 
217 1200 60 145 30/10 120 700 
Well D 
110 225 15 106 60/15 100 460 
135 225 22 125 60/10 80 420 
150 222 28 137 6C/8 . 70 400 
170 222 36 159 60/6 80 390 
145 220 22 126 60/10 75 420 
220 420 42 170 60/10 100 450 
290 790 79 277 60/10 100 440 
315 1050 105 332 60/10 110 420 
328 1270 127 360 60/10 120 400 
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@ Factors affecting intermittent gas 
lift testing. It was found during prelimi- 
nary testing that results could be ob- 
served that would give very incongruous 
conclusions, unless the fundamental data 
were carefully analyzed. Because of the 
number of variables that must be con- 
sidered as affecting the performance of 
both the method of gas lift and the well 
itself, every effort was made to deter- 
mine and maintain at known values 
those variables that could be controlled. 
Each series of tests was then made by 
changing only one factor while observ- 
ing the effect on the efficiency and ca- 
pacity of the system. 

In an intermittent gas lift system such 
as was tested, the measurable and con- 
trollable variables that play an impor- 
tant role in determining the performance 
of gas lifting are rate, duration, and fre- 
quency of gas injection and indirectly 
the pressure at the bottom of the “maca- 
roni’ flow string. In addition the volume 
of formation gas produced and the pro- 
ductivity index of each well can be meas- 
ured but not controlled. In view of this, 
frequency of injection was made the in- 
dependent variable in a series of tests 
on several wells and the rate of injection 
was varied in a second series of tests. A 
pressure recorder was run in each well, 
after each change in operation was made 
and equilibrium conditions reached, in 
order to measure the pressure at the 
bottom of the macaroni and opposite the 
producing formation. The pressure per- 
formance was then related to changes in 
frequency, injection rate, production 
rate, injected gas volumes consumed and 
formation gas volumes produced. 

The efficient gas lift system from the 
practical view point, is the one which 
produces all the desired oil with least 
expenditure of money and energy. There- 
fore, in the course of testing, attempts 
were made to determine the conditions 
that would result in the most efficient 
utilization of the injected gas and still 
produce the oil in economic quantities. 


@ Effect of frequency of gas injection 
period. The first series of tests was car- 
ried out by varying the frequency of gas 
injection, all other factors being main- 
tained as nearly constant as possible, 
during each individual well test. How- 
ever, all wells were not tested at the 
same injection rate nor with the same 
injection period, it being necessary to 
alter these factors because of the wide 
differences in well characteristics and 
because of the intermitting equipment 
limitations. The production performance 
curves established for four of the wells 
tested under these conditions are shown 
in Fig. 1. These wells were purposely se- 
lected because they had a fairly wide 
range of well characteristics, i.e., the 
productivity indices varied more than 
300 per cent, the submergence pressures 
differed by more than 100 per cent and a 
wide range in macaroni depth was repre- 
sented. Although these curves may not 
be applicable for use in other fields they 
indicate the general effect that increas- 
ing the frequency of gas injection has 
on the gross liquid production rates. The 
liquid rate continues to increase as the 
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frequency is increased until it probably 


reaches a maximum when the frequency 
becomes infinite, that is when the inter- 
mittent injection merges into continuous 
injection. Unfortunately, this range of 
rapid frequencies could not be tested be- 
cause any reasonable rates of gas injec- 
tion required small bean openings that 
would “freeze up” when hydrates formed 
around the inner tip and body of the 
control bean. Although the control beans 
were wrapped with electric heating wire, 
this “freezing up” would occur when it 
was attempted to inject gas at intervals 
more often than 4 min. This undoubtedly 
took place because the inner part of the 
bean did not warm up sufficiently to 
keep hydrates from forming at the more 
rapid frequencies, whereas with the 
longer periods, the time elapsed was 
long enough to allow the bean to be- 
come warm. Therefore, the maximum 
liquid capacity, of the wells tested, was 
not actually measured, but it was deter- 
mined that liquid volumes more than 
sufficient for all practical purposes could 
be lifted by this method of gas lift. The 
highest production rate (not shown on 
any of the charts) observed was 540 bbl. 
per day through 3553 ft. of 114-in. tub- 
ing with a submergence pressure of 800 
lb. per sq. in., a formation gas-oil ratio 
of 380 cu. ft. per bbl., and a gas injec- 
tion rate of 480 M. cu. ft. per day for 30 
sec. at a frequency of 15 min. However, 
this was neither the maximum capacity 
of the well nor the maximum liquid rate 
that could be lifted through the 144-in. 

-macaroni with the submergence pres- 
sure available but was limited by lease 
operating conditions. 

The effect of frequency of gas injec- 
tion upon the utilization of the input 
gas, as shown in Fig. 2, calls for little 
explanation. The shorter injection cycles 
not only cause the injected gas-liquid 
ratio to increase but to do so at an in- 
creasing rate. Undoubtedly higher fric- 
tion losses cause part of this effect and 
in addition flow conditions more con- 
ducive to the slippage of gas past the 
oil may be partly responsible. 

Table 1 includes the data from which 
the curves in Figs. 1 and 2 were drawn. 


@ Effect of rate of injection. Several 
wells were again tested while keeping all 
conditions as nearly constant as possible 
during each well test with the exception 
of rate of injection which was varied 
over a range of from 225 M. cu. ft. per 
day rate to about 1250 M. cu. ft. per day 
rate in most of the wells. It should be 
observed here, that the rate of gas injec- 
tion for intermittent gas lift is taken as 
the average daily rate in M. cu. ft. during 
the 30 or 60-sec. injection period and not 
the total volume of gas injected into the 
well during the days operations. 

The production performance curves 
shown in Fig. 3 were drawn for the same 
four wells as were compared in the fre- 
quency test. The characteristics of the 
curves in Fig. 1 and those in Fig. 3 seem 
to be different because the rate of in- 
crease of production increases as the 
frequency is increased whereas the rate 
of increase of production decreases as 
the rate is increased. However, if the 
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FIG. 3. Production performance as affected by changes in rate of gas injection, | 
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FIG, 4. Production performance of intermittent gas lift wells as affected by 
productivity index. 
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roduction obtained in Fig. 1 were 
plotted against the volumes of injected 
gas required for each frequency change 
instead of against frequency directly, 
curves of similar characteristics to those 
in Fig. 3 would be obtained, i.e., increas- 
ingly less production would be obtained 
for each unit increase in volume of gas 
injected. The rate of maximum capacity 
was approached but not reached in any 
of these tests because it was not desired 
to inject gas at excessive rates. 

It is also demonstrated by the curves 
that the lifting efficiency of tne system 
decreases as the injection rate is in- 
creased. Again this is to be expected be- 
cause friction losses are greater at high- 
er rates and because the density of the 
mixture being lifted is probably less, 
which results in lowet flowing efficien- 
cies. Shaw! has shown, in curves where- 
in liquid rate is plotted versus gas vol- 
ume, that the point of maximum ef- 
ficiency is at the intersection of the curve 
and a line tangent to the curve, drawn 
through the zero point. In the wells 
tested this point of maximum lifting 
eficiency was at rates lower than could 
be tested because of the freezing trouble 
encountered at very low injection rates. 

Fig. 4 was drawn up to show the effect 
that productivity index has on the pro- 
duction performance of the same four 
wells as have been compared and dis- 
cussed heretofore. Although these curves 
cannot be applied to other wells they are 
shown to demonstrate the great effect 
that an individual well characteristic (in 
this case productivity index) can have 
on the gas lift system performance. The 
liquid production range of each of the 
curves in Figs. 1 and 3 and of the injected 
gas-liquid ratio in Fig. 2 are dependent 
for the most part, on the well productiv- 
ity index. This may not seem to hold 
true in Fig. 3 but the curves of wells 
Band D should not be compared directly 
to those of wells A and C because, in the 
first case, gas was injected for a 60-sec. 
period whereas, in the second case, gas 
was injected for a 30-sec. period. This 
difference in injection periods results in 
curves B and D being displaced upward 
on the chart with respect to curves A 


and C. 


@ Discussion of results. The ultimate 
value of any series of tests lies in the 
application of the results obtained to the 
particular problem being investigated. 
In making these tests on wells being pro- 
duced by gas lift through macaroni tub- 
ing the problem to be solved was that 
of finding some fundamental criteria for 
determining the adaptability and the 
production performance of this method 
of gas lift for any individual well con- 
dition of pressure, depth and fluid char- 
acteristics. 

_The effects of fluid viscosities, densi- 
lies, and water content were not deter- 
mined because the data on this gas lift 
method is limited to tests made on rela- 
tively clean wells producing fluid of 
similar viscosity and density. The effects 
of differing percentages of water cut are 


— 


P “Progress and Trends in Gas-Lift Opera- 
0 S. F. Shaw, The Oil and Gas Journal, 
une 17, 1943, p. 47. 





FIG. 5. Performance of submergence pressure as related to gross gas pro- 
duction at various liquid producing rates with intermittent injection of gas. 
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FIG. 6. Performance characteristics of intermittent gas lift showing effect of 
the gross gas-liquid ratio on the pressure factor. 
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known to be quite erratic. Although it 
was observed in a few wet wells, which 
were tested before and after water shut 
off, that higher flow pressures were re- 
quired, this relationship may not neces- 
sarily hold for all conditions. So far as 
is known, no consistent relationship has 
yet been developed for the relative ef- 
fects of viscosity and density on the lift- 
ing characteristics of oil. 

Individual well characteristics of pro- 
ductivity index, tubing depth and tubing 
pressure have been eliminated from the 
data in order to obtain pressure perform- 
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ance as a function of gas and liquid vol- 
umes. The pressure factor used in the 
comparison to follow was the difference 
between the pressure at the bottom of 
the macaroni tubing and the average 
tubing pressure divided by the depth of 
the macaroni tubing in thousands of feet. 

In Fig. 5 the submergence pressure 
performance as related to gross gas pro- 
duction is shown for various rates of 
production. These are basic perform- 
ance curves for intermittent gas lift 
through 144-in. tubing for 21 to 24 deg. 

(Continued on Page 94) 
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(Continued from Page 91) 
gravity oil and 0.65 gravity gas. Al- 
though they may not exactly reflect the 
performance in other fields containing 
fluids of different characteristics it is ex- 
pected that they should give a much 
closer estimate of the performance to be 
anticipated with the application of this 
method of gas lift than might otherwise 
be made. For example, these curves 
should give an approximation of the 
wross gas needed to produce a certain 
desired production rate with a certain 
submergence pressure available and a 
particular 1144-in. tubing depth. 

Fig. 6 has been plotted to show the 
pressure performance of the intermittent 
vas-lift system for any liquid and gas 
production rate and for any depth of 
tubing. The individual points represent 
data taken at a wide variety of produc- 


tion rates, ranging from 50 to 400 bbl. 
per day. When it is realized that the 
measurements of pressure, rate of liquid 
flow and. particularly, rate of intermit- 
tent gas flow, are difficult to obtain to 
a close degree of accuracy these data are 
quite consistent. Individual well charac- 
teristics have been eliminated insofar as 
possible so that the curve should be ap- 
proximately correct for any well being 
produced by intermittent gas lift through 
114-in. tubing disregarding the deviation 
caused by fluid viscosity differences. The 
curve covers a considerable range of con- 
ditions and when used in conjunction 
with Figs. 5 and 7 should be of benefit 
in designing intermittent gas lift instal- 
lations. 

It will be observed that the lifting 
efficiency of the gas is much greater at 
the higher pressure factors. This pres- 





biG. 7. Pressure factor compared with lifting efficiency for intermittent gas lift. 
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FIG. 8. Performance of submergence pressure as related to gross gas pro- 
duction at various liquid producing rates with continuous gas injection. 
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sure factor, which is the difference be. 
tween the pressures at the bottom and 
that at the top of the flow string per 
thousand feet of length, will of course be 
greatest in wells that still have rela. 
tively high formation pressures but it 
can be kept at a high value by keeping 
the tubing back pressure at a minimum 
or by flowing the well at as low a rate 
as is consistent with the overall produc. 
tion picture. 

Although the limits of the curve can. 
not be determined from the data ayail- 
able it is indicated that at one limit a 
point of no flow is being approached 
where the quantity of gas per barrel of 
liquid is just insufficient to lift the liquid 
to the surface and at the other limit 
there is a point of minimum pressure 
beyond which additional volumes of gas 
only set up friction losses greater than 
the submergence pressure thus reducing 
the oil production from the well. 

The relationship between the submer- 
gence pressure factor and the efficiency 
of utilization of the injected gas was 
also investigated because the economy of 
gas lift operations is dependent upon 
the quantities of injected gas required. 
The injected gas-liquid ratio was plotted 
as a function of the submergence pres- 
sure (adjusted for surface pressure) per 
1000 ft. of 144-in. tubing for several dif- 
ferent formation gas-liquid ratio’s and 
the performance curves shown in Fig. 7 
were obtained. The curves can be used 
to approximate the injected gas rate 
required for a desired production rate 
if the submergence pressure and the for- 
mation gas-liquid ratio to be expected 
are known. They show that as the pres- 
sure factor is decreased, which takes 
place when the producing rate is in- 
creased, the lifting efficiency of the gas 
decreases and that if existing bottom 
hole pressures are low, relatively large 
volumes of injected gas may be required. 
particularly if the formation gas-liquid 


ratio is low. Under the latter conditions . 


lifting performance will necessarily be 
poor. Unfortunately, Figs. 5, 6 and 7 
were constructed from data on wells 


producing oil of a 20 to 24 deg. API ~ 


gravity range so that these curves may 
not hold exactly true when applied to 
wells producing a different gravity oil. 
Perhaps in the future sufficient data on 
intermittent gas lift will become avail- 
able so that a series of curves may 
drawn showing the effects of difference 
in oil gravity. Thus, one chart could be 
constructed that would be applicable to 
any intermittent gas lift well. 


@ Continuous gas lift. Available data 
on continuous gas lift through 14-in 
macaroni tubing was limited in extent. 
however, a series of curves have been 
constructed in Fig. 8 to show the per- 
formance of gas lifting oil by continuous 
injection of gas. Fig. 8 is similar in char- 
acter to Fig: 5, drawn for intermittent 


gas lift, although the two graphs are 


not necessarily comparative as they are 
for oils of different character. Fig. 5 is 
for an oil of 21-24-deg. API gravity 
range while Fig. 8 is based on an oil 0 
approximately 30-deg. API gravity. 
The series of curves in Fig. 8 show 
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RE-TESTED cement performance helps insure the entire 
oil-well investment. Pre-tests with the Halliburton Con- 
sistometer, for example, reflect length of thickening time of 
cement subjected to high bottom-hole temperatures. Four 
PRE-TESTED cements cover every oil-field requirement: 
‘STARCOR'* for deep wells, high strength, extra sulphate 
resistance. ‘TEXCOR’* for deepest wells, high strength and 
extra: sulphate resistance. ‘INCOR’* for moderate-depth 
wells, earlier drill-out. LONE STAR CEMENT for all-around 
oil-field dependability. Select the cement that fits your well 


— they're all pre-tested for assured performance. 
*Reg. U.S. Pat. Off. 
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that the amount of gas necessary to jij; 
a specific quantity of oil to the surfac, 
increases as the pressure at the bottom 
of the tubing decreases. Because no byt. 
tom hole pressure data were availab|, 
on the continuous gas lift wells it yas 
necessary to calculate the pressure x 
the bottom of the 114-in. macaroni ty}. 
ing. This pressure was calculated from The 
the tubing pressure and the injected ga 
by use of a suitable equation.” the 
In constructing Fig. 8 the attempt was file 
made to eliminate the well characteris. | bui 
tics and reduce the curve to basic factor; I 
of continuous gas lift so that it could be 
* P . ten: 
applied to the design of any continuoys “ae 
gas system. Therefore, it should be pos}! 
sible for an operator to estimate the pre 
amount of injected gas that would be re. ME 
quired if the pressure, productivity in] fo, 
dex, approximate production available, IM 
and the formation gas production are 7 
known. dri 
@ Summary. In summarizing the re. or 
sults of this investigation the writer trc 
wishes to emphasize the following: ev 
1. Well performance characteristics, : 
particularly static formation pressure, “ 
productivity index, and formation gas. in 
oil ratio, should be fully determined 
when the application of gas lift through Ba 
small tubing is being considered. A 
2. The factors that affect intermittent Fi 
gas lift performance through 14in. 
tubing have been developed and are il- Sr 
lustrated on the accompanying charts. E 
Through the use of these charts and pro- Se 
vided that the well characteristics are 
known, it should be possible to predict 


the performance to be obtained by ga 
lift through 114-in. tubing. 

3. It should be possible in many ca 
to effect considerable savitigs in the 
quantities of gas used with resultant 


duction in operating costs if careful ai j 
complete testing of gas lift wells is com 


ducted and proper analysis is made 


the factors concerning the application” 


of gas lift through macaroni tubing. 
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The smaller the amount of water allowed to enter the formation, 
the more effective the drilling mud. In other words, the thinnest 
filter cakes are deposited by muds with the best filtration, or wall- 
building, properties. 
High water losses increase the chances of caving. Thick filter cakes 
tend to stick tools. They both hinder potential production. To 
increase the chances of success in any well, use the products which 
roduce low water loss drilling fluids; AQUAGEL and IMPER- 
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forms the most effective mud base for all types of drilling. 
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or salt water. It has been proved effective in many areas where 
trouble develops with the use of drilling muds with water losses 
even as low as 5 cc. It aids accurate core analysis by reducing flush- 
ing and contamination of cores, and it is used extensively in drilling- 
in operations. 
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@ Introduction. The Electric Pilot is 
a comparatively new tool in oil-produc- 
ing areas. From the beginning, the pos- 
sibilities of this new service caught the 
imagination of many of the oil operators 
and acidizing engineers. Through the 
continued and ever-increasing use of the 
pilot during the past year, and the close 
cooperation of the oil operators who have 
used this service, the efficiency and util- 
ity of the Electric Pilot service has been 
increased to a point where it is now a 
well established and recognized service. 

There are two major uses for the Elec- 
tric Pilot: (1) Permeability survey; (2) 
selective acid treatments. 

Permeability surveys are made to de- 

termine the thickness of the various per- 
meable sections at the borehole, the ver- 
tical position of these zones at the bore 
hole, and the relative capacities of the 
various zones. 
@ Nomenclature. Data obtained from 
the permeability survey are used to cal- 
culate three different indexes that per- 
tain to the volume of fluid injected into 
the various permeable zones. A nomen- 
clature for these various indexes has 
been set up, which correspond with the 
various productivity indexes, except that 
they are a measure of injected fluid rath- 
er than produced fluid. The nomencla- 
ture and definition of the indexes used in 
connection with a permeability survey 
by the Electric Pilot are as follows: 

1. Capacity. The volume of water in- 
jected into an individual permeable zone, 
in gallons per minute. 

2. Capacity index. The volume of 
water injected into an individual per- 
meable zone, in gallons per minute per 
pound per square inch differential pres- 
sure. 

3. Specific capacity index. The vol- 
ume of water injected into an individual 
permeable zone in gallons per minute per 
pound per square inch differential per 
foot of thickness of the zone at the bore- 
hole. 

Capacity is the most generally used 
index, and for planning initial acidizing 
procedures and most workover jobs it is 
sufficient. For comparing permeability 
surveys on the same well before and aft- 
er acid treatment or before and after a 
work-over job, the capacity index must 
be used, as for comparative purposes the 
injection rates into the various zones 
must be corrected for the differential 
pressure applied. The specific capacity 
index, which is a direct measure of the 
actual effective permeability of each per- 
meable zone, appears to be and should 
be valuable in locating undesirable water 


*Presented before the American Institute of 
Mining and Metallurgical Engineers, Houston, 
Texas, May, 1944. Published in Petroleum Tech- 
nology, September, 1944. 
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Application of the Electric Pilot to Well 
Completions, Acidizing.,. and Production 
Problems in Permian Basin* 


By P. J. LEHNHARD and C. J. CECIL, Dowell Incorporated 


or gas zones in a well, particularly in in- 
termediate zones producing these fluids. 
Where a well is producing from a series 
of breaks, or permeable zones, which are 
all connected to a common water or gas 
reservoir, it is reasonable to assume that 
the most permeable zones will be deplet- 
ed of oil most rapidly and that water or 
gas encroachment will begin through 
these zones. 

In selective acidizing, the Electric 
Pilot is used to control the injection of 
acid into specific parts of the pay sec- 
tion; and it not only affords a method of 
control but also indicates, during the 
acid treatment, whether or not the acid 
is being injected into the desired sec- 
tion. A detailed description of the ap- 
paratus and method involved has been 
given by Hefley and Fitzgerald.’ 


@ Permeability surveys. The permea- 
bility surveys run during the past year 
have been rather well distributed 
throughout the Permian Basin, so that 
representative surveys for nearly any 
geographic or geologic section have been 
obtained. These surveys indicate that, 
with very few exceptions, the fluid pro- 
duction of wells producing from lime- 
stone reservoirs enters the borehole 
through a series of two or more “breaks” 





1D. G. Hefley and P. E. Fitzgerald: ‘‘Selective 


“Acidizing and Permeability Determination by 


an Electrical Method.” Trans. A.I.M.E., (1944) 
155, 223. 
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or permeable zones of varying perme. 
ability. Fig. 1 shows the distribution of 
permeable zones throughout the pay hor. 
izon in typical wells in the Permian Bas. 
in. In the cross-section at the top of the 
figure and the plat at the bottom are 
shown the structural and geographic lo. 
cations of the wells; and immediately 
below each well on the cross-section jg 
shown an enlarged section of the pay 
horizon with the permeable zones, as 
located by the pilot, in black. There ig 
no attempt to correlate between these 
zones. The illustration is merely intend. 
ed to show the banded nature of the per- 
meable zones in typical Permian Basin 
wells. 

In most wells the total vertical extent 
or thickness of the permeable zones at 
the borehole is much less than the total 


thickness of saturated section as deter- 


mined by sample analysis. This differ- 
ence raises the question of whether or 
not the total thickness of saturated sec- 
tion in the reservoir is efficiently drained 
through the comparatively thin openings 
or permeable zones at the borehole; par- 
ticularly where such permeable zones 
are some distance apart vertically. It 
also raises the question of whether or 
not these permeable zones can be cor- 
related between wells and whether the 
limestone reservoirs really consist of one 
large system with horizontal and vertical 
communication throughout, or whether 


FIG. 1. Distribution of permeable zones throughout pay horizon of 
typical Permian Basin wells as determined by the Electric Pilot. 
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The most adaptable 
and universally used 
deflecting tool for side- 
tracking, straightening, 
or deviating drilling 
wells. The Eastman Re- 
movable Whipstock has 
proven simple, safe, 
and efficient to use in 
all formations. 
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This tool is also used 
with excellent results in 
sidetracking, straight- 
ening, and Controlled 
Directional Drilling. 
Adaptable for defleet- 
ing in hard or soft for- 
mations, and from either 
bottom of hole or from 
a cement plug. 
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SIDETRACKING SERVICE 
IMMEDIATELY! 


Save time! Avoid costly delays when fish can’t be recovered 
or where hole has drifted off vertical, by utilizing Eastman’s 
Sidetracking and Well Straightening Service. Eastman’s per- 
fected tools, highly specialézed and experienced organization, 
and quick-to-the-spot service can soon change lost time to 
drilling time. Don’t hesitate in an emergency — call 


EASTMAN! 
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the reservoir consists of a series of 
lenses, similar to a sand section between 
continuous shale breaks, which have 
horizontal communication between wells 
and very little, if any, vertical com- 
munication between the various per- 
meable sections. Data from selective 
acidizing work and permeability surveys 
appear to support the idea that the pro- 
duction in most limestone reservoirs is 
from a series of permeable zones that 
have horizontal communication between 
wells, and possibly over entire fields, 
with very little vertical communication. 

Fig. 2 shows a cross-section of the 
Slaughter field, with the permeable zones 
in each well as located by the Electric 
Pilot. The six wells on the right-hand 
side of the section are offset wells on the 
same lease. The close correlation of the 
permeable zones between the six wells 
and the dip of these zones from well to 
well as compared with the top of the 
San Andres lime suggest that such a 
banded condition might also exist over 
the entire field. 

The Electric Pilot permeability survey 
is used only to determine the position of 
the permeable zones in the well, the 
thickness of these zones at the borehole, 
and the relative capacities of the various 
zones. It is not used for the determina- 
tion of saturation, porosity, or fluid con- 
tent. of the permeable zones directly; 
although when used in connection with 
other well information it will at times 
assist in determining the fluid content of 
such zones. The Electric Pilot, in its role 
of locating and evaluating zvnes with 
respect to permeability, appears to be 
more reliable and accurate than any 


other method in use at the present time. | 


Fig. 3 shows a comparison of permeabil- 
ity by core analysis with capacity by 
the Electric Pilot on four wells in the 
Slaughter field. The majority of the per- 
meable zones as picked out by the Elec- 
tric Pilot and core log compare favor- 
ably; although the actual numerical 
values of capacity by the pilot show no 
direct relationship to the average perme- 
ability values of the zones in millidarcys. 
Because of the various and unknown fac- 
tors—such as connate water content, dis- 
solved gas, free gas—which are not re- 
flected in laboratory measurements of 
permeability, and the fact that the sam- 
ples measured in the laboratory repre- 
sent only a very small portion of the en- 
tire drainage area, it is not surprising 
that these two methods fail to show any 
direct numerical relationship. By the 
Electric Pilot, capacity is a measure of 
the actual effective permeability of the 
producing zones to water, while perme- 
ability by core analysis is a measure of 
the permeability of core samples to a 
homogeneous fluid. 

Fig. 4 shows a comparison of the 
drilling-time log and permeability sur- 
vey on four typical Permian Basin wells. 
A few of the permeable zones as picked 
up by the drilling-time log and per- 
meability survey agree but in the major- 
ity of cases there is no correlation be- 
tween the two. 

The Electric Pilot permeability survey 
cannot replace or detract from the values 


100 


of well-logging methods that show sat- 
uration or fluid content throughout the 
producing horizon. In acidizing work, 
particularly, saturation and fluid-content 
logs should be used along with the per- 
meability survey in planning an acidiz- 
ing program. The permeability survey, 
as it is now applied, has an accuracy of 
only about 3 to 5 per cent, so that per- 
meable zones in a producing horizon 
that contain less than this percentage of 
the total capacity of the well may not 
be picked up. However, this does not 
mean that these zones will not produce 
oil if they are properly acidized. A num- 
ber of cases have occurred where zones 
that were shown as impermeable by the 
pilot, because of mudding or low per- 
centage of natural capacity, have shown 


4808 4822 4807 5204 5256 


HOCKLEY CO 


good saturation on the sample log; ang 
selective acidization of these zones has 
led to greatly increased well production, 
Also, where such increases have o¢. 
curred, when the well was surveyed with 
the Electric Pilot afterward the sury 
has shown this permeable zone, which 
was opened up with acid. 

Pilot surveys for determining perme. 
able zones can be of material assistance 
to the oil operator in working out the 
problems of reservoir control through. 
out the life of the field, and in the cop. 
trol of individual wells during their ep. 
tire life; in well completion, acidizing, 
and workovers. 

In any field, with either natural o; 
artificial drive, where the operators at. 
tempt to produce the field as a unit or 
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FIG. 2. Cross-section of Slaughter field, showing distribution and 
correlation of permeable zon-s as determined by the Electric Pilot. 


FIG. 3. Comparison of permeability by core analysis with specific 
capacity index by Electric Pilot on four wells in Slaughter field. 
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assistance in his store or in the field. Let 
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FIG. 4. Comparison of drilling-time log with capacity 
by Electric Pilot on four typical Permian Basin wells. 


exercise any degree of reservoir control, 
it is obviously necessary to know as much 
as possible about reservoir conditions, 
and particularly the mechanics of the 
drainage or the movement of the fluids 
through the reservoir to the wells. The 
knowledge of the exact position, thick- 
ness, and capacities of the various 
permeable zones would appear to be 
the most valuable information obtain- 
able concerning the mechanics of the 
drainage of the reservoir. If, in a lime- 
stone reservoir, the production is from 
a series of lenses with horizontal but 
little if any vertical communication, such 
as is shown as a possibility in Fig. 2, 
rather than from one large reservoir 
with vertical communication throughout, 
the most efficient method of producing 
the reservoir obviously would be to de- 
plete all lenses at such a uniform rate 
that water or gas would not encroach 
into any well prematurely from any one 
of the many lenses. 


FIG. 5. Survey and selective acidization of 
well in Slaughter field with Electric Pilot. 


The knowledge of the exact position, 
thickness, and capacity of the permeable 
zones in each well, as it is drilled during 
the drilling and development program 
of a lease or field, is very important. 
When correlated with other information 
such as structural position, location of 
gas-oil and water-oil contacts, and sat- 
uration or fluid-content logs, the perme- 
ability-survey data will materially assist 
in determining casing points, total 
depths, perforating programs, acidizing 
and shooting programs, and advisability 
of drilling edge locations. The develop- 
ment of the six-well lease shown on the 
right-hand side of the Slaughter field 
cross section in Fig. 2 is interesting from 
this standpoint. All of these wells upon 
completion were surveyed with the Elec- 
tric Pilot. Original plans were to drill 
the wells to a maximum subsea depth 
of minus 1520 ft.; however, after the first 
four wells had been drilled—Nos. 4884, 


4919, 4954, and 5006 in the order listed 


—it appeared from the correlatj 
the Electric Pilot and geological] 
that well No. 5082 should be 

to a lower subsea depth in order to » 
trate the two lower zones shown in 
4919 and 5006. By drilling deeper, 
two zones were picked up in wel] 
This information gained from the 
lation of Electric Pilot and geol 
data also led to the drilling of well 
deeper than originally was planned, 


though it was not drilled deep enoughyp 


penetrate the two lower zones appear 
in other wells because of potential 
hazards. 

Owing to the very nature of lim 
reservoirs, their greatly varying pe 
ability and the differences in the p 
cal structure of the drainage cha 
any simultaneous acid treatment of 
or more permeable zones will gene 
result in the productivity of one ora 
of the zones being greatly increased 
the productivity of the others only sli 
ly increased. Permeability surveys 
before and after acid treatment 
shown this to be true in most cases, 
they have also shown that the zone ¢ 
zones that had the greatest capacity 
fore treatment may not also have 
greatest capacity after treatment. 
present, it is not always possible to 
dict which of several zones will be 
fited most by a simultaneous acid t 
ment of all zones. 

In order to obtain the maximum 
mate production and maximum produ 
tion efficiency from a lime well, all 
meable zones must be reasonably o 
and there should not be too great av. 
tion in the effective permeability of 
various zones, particularly if the produ 
ing horizons are of a banded nature, 
they appear to be in the Permian 

The selective acidizing method to 
used in any lime well will depend, 
course, upon well conditions. However, 
where well conditions will permit iti 
recommended that a well be given 
borehole wash acid treatment after 
pletion and then surveyed with the Elee- 
tric Pilot. If there are no extremely 
permeable zones, or zones that might 
possibly break down to very low treating 
pressures, the whole section should be 


FIG. 6. Survey and selective acidization of 
well in North Cowden field with Electric Pilot. 
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FIG. 7. Survey and selective acidization of 
well in Goldsmith field with Electric Pilot. 


acidized and then the well resurveyed to - 


determine the increase in capacity of the 
individual zones. After the second survey 
an acidizing program for the treatment 
of any zones that have not been suf- 
ficiently increased in productivity can 
be decided upon. An alternative method 
is that of surveying the well after a bore- 
hole wash acid treatment and then suc- 
cessively treating each permeable zone 
from the bottom upward by successively 
plugging off each zone, after it has been 
treated, with a temporary plug, and 
using the Electric Pilot to keep the acid 
out of the upper zones during the treat- 
ment. However, this procedure is more 
costly and consumes more time than the 
first procedure mentioned. 

One of the most interesting examples 
of selective acidizing with the Electric 
Pilot is a well in the Slaughter field, il- 
lustrated in Fig. 5. This well was sur- 
veyed with the Electric Pilot upon com- 


pletion and three permeable zones were 
found. All zones were acidized simul- 
taneously with 10,000 gal. of acid and a 
test after this treatment showed a poten- 
tial of 700 bbl. of oil per day. The well 
was again surveyed and it was found 
that the capacity index of the upper zone 
had been increased by 230 per cent, that 
of the middle zone by only 6 per cent. 
and that of the lower zone 470 per cent. 
It appeared that the middle zone needed 
further acidization and consequently 
the bottom zone was blocked off with a 
temporary plug and the middle section 
was treated with 3000 gal. of acid; using 
the Electric Pilot to keep the acid out 
of the upper zone. Another 2000 gal. 
of acid was pumped into the two upper 
sections simultaneously. After this sec- 
ond acid treatment a test of the well 
showed a potential of 1137 bbl. per day, 
or a 437-bbl. per day increase. 

One case in which the acidization of 
zones that were shown as impermeable 


FIG. 9. Electric Pilot and temperature survey on high gas-oil 
ratio well in Eunice field prior to workover operations. 
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FIG. 8. Electric Pilot survey and cement plug- 
back job on well in North Cowden field. 


by the Electric Pilot has caused large 
increases in production is that of a well 
in the North Cowden field, illustrated in 
Fig. 6. A permeability survey on this 
well upon completion showed two per- 
meable zones, from 4856 to 4912 and 
4973 to 5000 ft. The sample log showed 
good saturation from 5000 to 5037 ft. 
The well had a potential of 3 bbl. per 
hour upon completion. The bottom sec- 
tion of the well from 5001 to 5037 ft., 
was selectively treated with 3000 gal. of 
acid, using the Electric Pilot to confine 
the acid to the bottom section. A casing- 
head pressure of 1500 lb. per sq. in. was 
required to inject acid into this section. 
Following this treatment the well was 
tested and it showed a potential of 15 
bbl. per hour—a 4000 per cent increase. 
The lower section, from 5000 to 5037 ft., 
was then temporarily plugged off and 
the upper zone was acidized with 4000 
gal. of acid. A casinghead pressure of 
700 lb. per sq. in. was required to inject 
the acid into this section. This acid treat- 
ment increased the potential of the well 
by only about 10 per cent. It is doubtful 
whether simultaneous acidization of the 
entire pay section by conventional means 
would have caused an appreciable in- 
crease in the petential of the well, owing 
to the great difference in the original 
capacity of the upper and lower sections. 

In workover operations to exclude 
water or gas from wells, the knowledge 
of the position, thickness and capacities 
of the permeable zones in the well is 
particularly important. While the Elec- 
tric Pilot itself will not tell whether a 
zone contains oil or water or gas, the 
information as to the position, thickness 
and relative capacities of each of the 
permeable zones, along with other well 
information such as that gained from 
temperature surveys, or the position of 
gas or water in near-by wells, will great- 
ly assist the operator in planning a work- 
over program. 

An interesting example of the use of 
the Electric Pilot in workover operations 
is the work done on a well in the Gold- 
smith field (Fig. 7). Upon completion, 
the entire lime section below the casing 
seat was treated with 7000 gal. of acid, 
making a high gas-oil ratio well. The 
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Available in complete 
range of sizes and 
working pressures 

for any depth. 


NATIONAL 
WELL HEAD EQUIPMENT 


of an old hydraulic principle which utilizes a 
pressure differential to produce the sealing 
action. The higher the pressure differential, the 
tighter the seal. Packing is of double-lip con- 
struction of a specially compounded, tough, 
oil-resistant plastic that will not extrude or 
disastrously deform under well pressure loads. 


NEW FLEXIBILITY To render a omninds wel ii equipment and 


Christmas tree assemblies service, additional 
items are manufactured, such as, various types 
of tubing hangers, bonnets, flanged screwed 
fittings, adjustable chokes and solid flow beans, 
compact flow assemblies and specialty items 





Modern design provides a flexibility of inter- 
changeable combinations of size, capacity, 
and type to serve individual well require- 
ments. Slips and Mandrel Casing Hangers, 
Plain Crossover, Safety Crossover, Regular 


Safety and Plain Slip Weld Flanges are for the completion of wells and the servicing 
interchangeable. of Christmas tree equipment. 
e . a 


NEW SAFETY Write to your nearest National Store for de- 


tailed information on the complete line of 
Pressure Pack packings are a new application National Type B Well Head Equipment. 


THE NATIONAL SUPPLY COMPANY 


General Sales Offices: Toledo, Ohio. Division Offices: Denver; Ft. Worth; Pittsburgh; Tulsa; Torrance. 
Export: The National Supply Corporation, 30 Rockefeller Plaza, New York, N. Y., U. S. A.; 
River Plate House, 12 South Place, London, E. C. 2. 
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gas-oil ratio on this well increased grag. 
ually and on the production test j 
prior to workover operations the 
made 27% bbl. of oil per day on 
8/64-in. choke with a gas-oil ratio 
5385:1. The well was surveyed with 
Electric Pilot and four permeable 
were found, the upper zone having 
greatest capacity. Following the sun 
the three lower permeable sections 
selectively treated with 3000 gal. of 
using the Electric Pilot to confine 
acid to the bottom sections. This 
ment increased the oil production 
ficiently so that on a production 
after the acid treatment the well 
6914 bbl. of oil per day on a 14-in. ¢ 
with a gas-oil raio of 1370:1; well 
the penalty stage for the field. 

A well in the North Cowden 
(Fig. 8) went to water and just prior 
workover operations was making 98 pe 
cent water on the pump. The a 
time log on the well showed a rather 
form rate of penetration throughout the 
entire 211 ft. of section below the pipe, 
so that this log offered little information 
in regard to the source of the water, 
Original workover plans, based upon @ 
study of water-oil contacts in near-by 
wells, were to plug the well back to 414 
ft. with cement, but before plugging the 
well back the operator surveyed the well 
with the Electric Pilot. Two permeable 
zones were found in the well from 4148 
to 4169 ft. and 4178 to 4185 ft. As a re 
sult, the plug-back program was changed 
and the well was plugged back only to 
4169 ft. The last report on this well, after 
it had been produced for about 10 days 
after the plugback, was that the well was 
flowing about 160 bbl. of oil per day 
with 30 to 40 per cent water, and the 
water percentage was decreasing. 

The use of the Electric Pilot survey 
along with information obtained from 
other sources, such as temperature sut- 
veys, core logs, etc., for planning a work- 
over program is well illustrated in the 
case of a well in the Eunice field of New 
Mexico (Fig. 9). This is a high gas-oil 
ratio well, which on a recent production 
test made 39 bbl. of oil per day on a 
12/64-in. choke with a gas-oil ratio of 
8700:1. A temperature survey on this 
well indicated that the gas was coming 
into the hole between 3740 ft., the casing 
seat, and 3760 ft. An Electric Pilot sur- 
vey of the well showed 49 per cent of the 
injected fluid going around the casing 
seat, and also showed permeable zones 
from 3793 to 3802 ft. and 3835 to 3840 ft. 
Following these surveys, a formation 
packer was set at 3787 ft. further to test 
the well, and on a production test after 
setting the packer the well made 33 
bbl. of oil per day with a gas-oil ratio 
of 1719:1. Results of these surveys and 
production tests indicate that a remedial 
squeeze-cement job to repair the leaky 
casing seat will lead to a low gas-oil ratio 
in the well. ; 
@ Acknowledgments. The writers wish 
to thank the many operators and engr 
neers concerned for permission to Usé 
specific data obtained at their wells; 
and for their suggestions and assistance 
in the gathering and preparation of 
data. al 
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RESERVOIR FLUID FLOW RESEARCH 


By NORRIS JOHNSTON, General Petroleum Corporation, 
and N. VAN WINGEN, Richfield Oil Corporation : 


@ Introduction. The California Dis- , 


trict Topical Committee on Production 
Technology undertook to review the 
many recent investigations that have 
contributed to the knowledge of the 
mechanism of the flow of fluids in po- 
rous media, The problem has been ap- 
proached in the literature frogn several 
points of view ranging from that of the 
academic laboratory to work done and 
observations made for the purpose of 
achieving a specific answer to a special 
field problem. It is the purpose of this 
paper, first, to review the work that has 
been accomplished with the specific pur- 
pose in mind of determining (a) those 
concepts regarding reservoir fluid flow 
which can be considered as having been 
established definitely and which may 
thus be accepted as being basic and per- 
manent, (b) those conclusions that are 
not so well proved by the data and which 
thus might be subject to future revision ; 
and, second, to suggest experiments that 
remain to be performed before a reason- 
ably complete understanding of reser- 
voir behavior may be had. 

It was not possible to review all the 

papers that have been published which 
have a direct bearing on the theory of 
the flow of reservoir fluids. Instead, the 
group as shown in the bibliography was 
selected as being probably most repre- 
sentative of the consensus of reservoir 
analysts. 
@ Critical review of literature pertain- 
ing to the flow of fluids in reservoirs. 
Of necessity the majority of the work de- 
signed to study the flow of fluids in 
petroleum reservoirs has been conducted 
in the laboratory. Certain significant in- 
formation has resulted from a careful 
study and analysis of actual reservoirs, 
but because of the many variants which 
affect the analysis on such a microscopic 
scale, these types of studies seldom lead 
to the establishment of fundamental con- 
cepts and are of value primarily, instead, 
for the purpose of corroborating the fun- 
damental and basic concepts as devel- 
oped by laboratory studies. In other 
words, because of the fact that the ac- 
tual field behavior reflects the composite 
effect of many variables, the laboratory 
has to be relied upon to supply the fun- 
damental theory of the interaction of 
the static and dynamic forces as they 
affect flow, as only in the laboratory the 
necessary specific control of boundary 
conditions can be achieved, and the num- 
ber of variables governed. As a result, 
the discussion to follow is limited to a 
consideration of factual data as estab- 
lished from such fundamental labora- 
tory research. : 

In reviewing the literature, it is appar- 


*Presented before American Petroleum Insti- 
tute, Pacific Coast District, Division of Produc- 
tion, Los Angeles, California, March 29, 1945. 
Subject to correction. 
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ent that, though notable exceptions exist, 
there is a general tendency for investiga- 
tors to draw more elaborate conclusions 
than the fundamental nature of the data 
would seem to warrant. As a result, cer- 
tain concepts have taken on the appear- 
ance of facts, though their derivation is 
supported by little more than the ex- 
trapolation of an hypothesis. Likewise, 
in striving for useful and practical re- 
sults, a tendency has been observed to 
introduce too many variables, thus lead- 
ing to results of questionable funda- 
mental value. Offsetting this, certain 
groups have gone so far in the direction 
of eliminating all but one unknown, that 
the system studied bears but little resem- 
blance to the actual petroleum reservoir 
with which we are concerned. This phase 
will be discussed in more detail in the 
section dealing with the recommended 
future research. As a result of these con- 
ditions much concrete knowledge needs 
yet to be disseminated in order to com- 
pile a reasonable fund of knowledge of 
reservoir fluid flow. In this regard it is to 
be regretted that much material of great 
fundamental value is being withheld 
from industry-wide use due to personnel 
shortage to prepare it for presentation, 
and due to competitive secrecy. 

The majority of research performed to 
date has dealt with unconsolidated sands 
and has been conducted without the con- 
sideration of a second immiscible liquid 
phase to simulate interstitial water. Yet. 


as all normal producing sands contain. 


water, it is to be questioned seriously if 
results of experimental laboratory work 
on samples 100 per cent oil saturated 
can be applied to actual field prob- 
lems. Likewise, it is to be cautioned that 
any conclusions based upon experi- 
mental work performed with unconsoli- 
dated sands do not necessarily apply 
quantitatively to consolidated sands. 
Greater care would also seem to be in 
order in regard to the determination of 
adequate scale factors in interpreting the 
results of laboratory analysis in terms of 
a corresponding behavior of the proto- 
type. 

@ A. Concepts definitely established. 
Bearing the above limitations in mind 
the following facts have been established 
in the field of laboratory work designed 
to study the flow of fluids in petroleum 
reservoirs: 

1. Effective permeability to one of 
two simultaneously flowing phases varies 
from 0 to 100 per cent of specific perme- 
ability as the instantaneous saturation of 
the sand with that phase varies from 0 to 
100 per cent. There is no relationship 
common to all systems.}: 2; 3, 4, 6 

2. In two-phase flow, the effective per- 
meability of the phase that wets the sand 
grains is reduced sharply by small quan- 
tities of the non-wetting phase, dropping 


rapidly to low values as the saturation 
by the non-wetting phase increases,1.4 

3. In two-phase flow, the effective per. 
meability to the phase that does not wet 
the sand is not appreciably decreased by 
small quantities of the wetting phase but 
is rapidly decreased by amounts of 10-20 
per cent of the wetting phase. It drops 
low values as the saturation by this phase 
exceeds about 20 per cent.!> 2, 3, 4, 6 

4. At a given saturation, the effective 
permeability to water is independent of 
the nature of smal] quantities of the non. 
wetting phase such as oil or gas in the 
case of water wet sands (corollary to 3). 
It is also largely a function of water satu. 
ration alone, for air, gas or oil act sim. 
ilarly as non-wetting phases in water wet 
sand.* 

5. Relative permeabilities of water wet 
sand for oil, gas and water are nearly in- 
dependent of the oil viscosity.1: 2, 3, 4,6 

6. Water retained in a sand after con. 
stant velocity flow of oil, is inversely re. 
lated to specific sand permeability. This 
indicates that the degree to which oil dis- 
places water is limited by the size of com- 
municating pores.* 

7. Systems containing as much as 70 
per cent interstitial water have been ob- 
served to produce clean oil; yet have zero 
permeability to the water phase.?:*.¢ 

8. A threshold pressure is required to 
force a non-wetting fluid into a sand.? 5 
6, 13 

9. Interstitial water remaining in a 
previously water saturated sand after 
flow of oil through that sand to equilib- 
rium varies with the pressure gradient 
or velocity of oil flow. In experiments 
performed to date a limiting value of the 
water saturation of approximately 10 per 
cent has been observed.?:* 

10. Quantity of oil recovered by gas 
drive per unit of gas increases with de- 
creasing viscosity of oil.! 4. 

11. Quantity of oil recovered by gas 
or air drive per unit of gas or air de- 
creases exponentially as oil saturation 
decreases.?: © 

12. In the flow of gas-oil mixtures 
through dry, consolidated sand, there is 
a threshold pressure differential and gra- 
dient as for a single phase flow stream 
of either oil or gas into a water saturated 
sand. This threshold pressure varies W! 
composition of the two-phase stream and 
also the specific permeability of the 
sand.® 2 

13. The threshold pressure differential 
and gradient decrease with increasing 
specific permeability. ® 

14. Threshold differential pressure for 
entry of air into a water wet sand com 
taining oil is not substantially different 
from that for a dry sand containing oil’ 

15. Oil and gas flow cannot come to 
equilibrium until a certain minimum ga 
concentration has been built up in 
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and, for no gas can flow without this 
ginimum gas concentration.?©® *7 

16. Final total liquid saturation upon 
wmpletion of a gas drive is essentially 
wnstant regardless of the amount of 
yater initially present. 

17. The amount of oil expelled during 
pressure reduction of a core containing 
ijsaturated with gas will not be greatly 
jfected by the initial pressure, provided 
he pressure is sufficient to supply a 
quantity of gas which will, during deple- 
tion, raise the gas saturation to the point 
approximately 25 per cent) where rela- 
tive permeability to gas is high. This 
nust be limited to pressures below those 
st which retrograde condensation will 
gecur.??+ 17 

18. Gravitational] fluid segregation de- 
yends on the rising gas velocity. Gravity 
drainage commences when the velocity 
yf the gas which is migrating to the gas 
cap can no longer sustain the oil. This 
critical velocity below which counter- 
fow can occur varies with the sand and 
fuid conditions.® 

19. In the case of sands not containing 
interstitial water, the pendular oil, and 
that in the thinner belt of the funicular 
region, is irrecoverable by gravity drain- 
age, even though the sand be homogene- 
ous. The pendular region represents the 
lowest liquid saturation range where the 
liquid occurs as separate rings around 
grain contacts. The funicular region rep- 
resents the intermediate liquid satura- 
tion range where the liquid occurs as a 
sries of coalesced rings surrounding the 
sand grain contacts.® 

20. In some instances gravity flow has 
elected recoveries equal to, or exceed- 
ing, those from water displacement.® 

21.. For gravity drainage the slope of 
the sand has no effect on the equilibrium 
vertical variation of the liquid satura- 
tion. 

22. The gravity drainage rate is re- 
lated directly to the slope of the sand 
strata.® 

23. The more irregular the sand body 
the more oil will be retained by isolation 
in the pendular region after gravity 
drainage.° 

24. Variable gas velocities will exist 
ven in homogeneous sands. Thus, un- 
stably located gas caps can form in any 


region of the structure where gas veloc- 
ity is at a minimum.® 

25. Rate of gravitational segregation 
is favored by low viscosity. Gas in solu- 
tion lowers viscosity. Hence, any process 
which retains or increases gas in solution 
favors high rate of production.® 

26. Rigorous mathematical solution of 
most petroleum reservoir flow problems 
offers nearly unsurmountable difficul- 
ties.14 

27. The variation of the water satura- 
tion above the water table can be pre- 
dicted from a consideration of interfacial 
tensions and capillary forces. However, 
the applications of capillary pressure 
measurements are complicated by the 
fact that capillary-pressure saturation 
functions are not unique but depend on 
the previous history of the system. This 
phenomenon is called “hysteresis.” It is 
possible that lack of equilibrium condi- 
tions may partially account for the ob- 
served hysteresis. Furthermore, the cap- 
illary behavior varies widely for different 
types of sands.1* 

28. Capillary pressure measurements 
may be used to predict the pressure gra- 
dient necessary to cause discrete gas 
bubbles to flow through the sand at high 
liquid saturation and to predict the total 
liquid saturation when the gas phase be- 
comes continuous and the oil-gas thres- 
hold pressure becomes zero. The point 
at which the gas phase becomes continu- 
ous is generally observed to occur below 
85 per cent total liquid saturation." 


B. Concepts not yet definitely estab- 
lished. In addition to the above observa- 
tions, which may well be fairly basic 
and permanent, at least without major 
change, there are some further conclu- 
sions that are not so well proved by the 
data and on which there may be serious 
disagreement: 

1. The amount of interstitial water re- 
movable by migration of oil into a water 
saturated sand will not attain 100 per 
cent, but may approach 90 per cent with 
usual sands.?* 

2. Three-phase flow does not take 
place through any small group of pore 
channels except during the transition 
period between oil flow and the subse- 
quent flow of water.* 

3. The total flux of a gas-liquid mix- 


ture varies linearly with the pressure 
gradient over a limited range of rates.® 

4. A relation exists between the rate 
of flow of the driving or displacing fluid 
and the recovery of the driven or dis- 
placed fluid. Controversy exists regard. 
ing this point, with one investigator’ re- 
porting an increase in displacement efh- 
ciency with increasing rate of displace- 
ment at rates compatible with actual oil 
field observations. Three other investiga- 
tors, however, report the reverse of this 
contention. But as these latter tests, con- 
trary to the first mentioned, all provided 
for interstitial water, it may be possible 
that this factor may be responsible for 
the indicated difference.*: 1? 15 

5. For dissolved gas drive conditions 
it has been reported from laboratory 
tests that higher rates of pressure decline 
tend to result in a greater recovery of oil. 
It is to bé noted, however, that the de- 
cline rates for which this effect is most 
noted are far in excess of any rate that 
could conceivably be attained under ac- 
tual reservoir conditions!! 

6. There appears to be a relation be- 
tween the per cents residual and initial 
oil saturations. This relation is probably 
apparent only in that both the initial and 
final saturations are a function of the 
characteristics of the sand.!% 1” 

7. Experiments on tubes of sand (at- 
mospheric moisture not removed) 
showed that after drainage, water could 
be passed upward through the depleted 
sand without displacing any oil, hence it 
would appear that drainage can remove 
at least as much oil as water displace- 
ment under such conditions.® 


@ Future flow research. In spite of the 
foregoing rather impressive lists of con- 
clusions with regard to the flow of fluids 
in homogeneous permeable media, it will 
be freely admitted that some reservoir 
flow problems remain to be solved. For 
instance, the quantitative use of relative 
permeability data obtained on high per- 
meability recompacted loose sand to 
solve problems on tight, consolidated 
sand is not recommended by the experi- 
menters who should best know the quan- 
titative limitations of their work. In 
order to understand better what has been 
accomplished, and thus what remains to 
be done, Table 1 has been prepared to 



































TABLE 1 
—_ ~ 4. _ ZZ = | > i | | - 
3 Wyckoff 
Botset Hassler | Hassler 
Muskat Rice | | Botset | Leverett | | Brunner 
Author Meres Leeman | Dun lap |vanWingen| Muskat | Lewis | Parsons | Putnam | Krutter Miller |Earlougher| Deahl 
BS. A8 ietdsd waruwcaniandabe 1936 1936 | 1938 1938 | 1938 | 1940 | 1940 1940 1941 | 1941 | 1942 | 1942 
IN os on ctacaiamasacabiscd loose consol. | loose loose | consol. | loose | loose consol. consol. loose consol. both 
Sand origin. ...........c0ec00eee- Ottawa | Bradford | - Monterey | sandstone | | beach | KNDA | oilsand | Ottawa | oil cores | many 
| Ottawa | } } | 
Interstitial water................. no » | % | . |. &w Lw. | Lw. | no | part | film | LW. |. LW. 
Rags lnk enatshesenansceed no ol =| ol =| oil | kerosine oil | crude | crude | ol | oil | crude kerosine 
isn cesikesbeaeriatam onan CO: air | mone none | gas&CQO,| nitrogen | none gas air | mone | nat. gas air 
Other liquids Raia dab aaeia avs, seienieve water none | water none | none water | none | none | none | water | none none 
d porosity, per cent............ 28-43 9.5-17 | vi | 32-44 19-22 | 41-44 | 23 | 14-24 | 929 | 37-42 various ‘a 
Sand permeability, dareys......... 17-262 |0.008-0.031; 3-13 | 0.20-130 | 230-480 5-16 | 300 0.175-1.27 | 0.002-3.4 | 8-10 various 12-500 
pssure fradient, BS cess various | 42 | .. | 0.09-0.55 | various | 0.05-1.1 | 2-80 | 1-46 low 7-70 1-20 
Driving ee ha bo mixture | air oil | oil } mone | mixture water mixture | air water water és 
End effect precaution............. none | cotton | none | none none | none | none none | none none none capillary 
\diaphragm 
Wall effect precaution............. | mone | sleeve none none none | none | none rubber | rubber | none | none | sleeve? 
Wscosity variations............... | . oF se ee i aly RS . - ae. 1 | many 
lent variations........ .| various | 1 many 3 several | many | ey many | many 15 | many many 
eability variations... . 2 2 | 3 2 1 } 2 | many 1 | many 
lures used, psi. gage........... low | low | - 0.4-2.7 | 100-1500 | low | ins | 500-2000 | 1-6 low 5-50 | 1-20 
Flow rate—linear ft. prey....... me re 1.4-200 | 25-371 | 5s | 10.09 to 600 a ¥ 9.06-7.2 | excessive | 
ees | | u 
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show the nature of the variables involved 
in this work. This table was compiled 
with no intention of criticising any of the 
work or workers. It is to be understood 
further that the work covered by this tab- 
ulation is not necessarily represented as 
being all the best work that has been 
done, but it is the work that has been 
studied by the committee. 

Some general remarks should precede 
the outlining of the specific tests needed 
to give a fair understanding of petroleum 
reservoir fluid movement. The underly- 
ing principle in all laboratory experi- 
ments should be to duplicate, so far as is 
practical or meaningful, the controlling 
factors and conditions existing in the for- 
mation. The following list of statements 
represents an attempt to elaborate more 
specifically the pertinent concepts. In 
recognition of the fact that these state- 
ments may appear too constraining, it 
should be realized that a reasonable de- 
zree of latitude may be permissible in 
their application. 

1. Reservoir sands or comparable ma- 
terials should be used. 

2. Interstitial water should be used in 
all experiments involving water wet 
sands. Water should be similar in analy- 
sis to formation waters. 

3. In problems involving a gas phase, 
the gas should be soluble in the oil to be 
produced rather than in the interstitial 
water. 

4. Refined oils may be used to avoid 
the gradual change of properties with 
time as will occur generally with crude 
oils, but attention should be paid to fair 
duplication of viscosity, interfacial ten- 
sion, content of polar bodies that may 
adsorb on sand, and gas solubility of the 
type of crude in the reservoir being 
studied. 

5. Leakage of fluids along the outer 
surface of the sand sample should be 
avoided in the case of loose sands as well 
as of consolidated samples. This involves 
packing the sand in some container that 
can be made to yield so as to interlock 
with the outer grains. 

6. Experiments should be so arranged 
as to avoid end effect, or so that results 
can be so analysed as to eliminate end 
effect. One logical analytical method is 
to run several experiments with different 
lengths of similar core material, and 
eliminate the effect by analysis of data. 

7. Permeabilities should be kept with- 
in the range of values found in reservoirs 
of the type being studied. This will gen- 
erally involve permeabilities within the 
range of 1 to 20,000 millidarcys, with 
emphasis on the range 10 to 3000 md. 

8. Flow rates and pressure gradients 
should be kept within practical limits. A 
number of different gradients or rates 
will be needed for duplicating radial flow 
conditions and for covering water flood- 
ing of low gravity crudes, or high rate 
production of high pressure high gravity 
crudes. The practical range of linear 
rates of advance of the fluid front might 
be met at 0.02 to 5 ft. per day. Gradients 
may well vary from 0.001 to 2 lb. per 
sq. in. per in. 

9. The applicability of electrical anal- 
ogy experiments should be considered 
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for all but the simplest flow tests, as this 
technique is versatile and powerful. 

The problems that need study are 
many and complex. They involve oil 
migration into sand, internal gas drive, 
gas drive, water drive, and gravity drain- 
age. The chief problem may well be the 
effect of rate on recovery. Others are con- 
cerned with interpretation of core anal- 
ysis, specifically reconstruction of for- 
mation fluid content from core fluid con- 
tent; studies of bypassing in non-uni- 
form sand; transient and steady states; 
vaporizing and condensing systems; 
pressure maintenance or cycling vs. pri- 
mary recovery; secondary recovery proc- 
esses. 

Laboratory work adequate to cover the 
entire range of reservoir characteristics 
encountered will involve so many more 
years of effort, that its complete outlin- 
ing here would be without purpose. 
However, for any specific oil producing 
region, a relatively restricted number of 
experiments may suffice. Thus, for Cali- 
fornia reservoirs, for example, the fol- 
lowing tests are recommended to provide 
a more complete understanding of their 
behavior. They do not necessarily repre- 
sent a complete list, sufficient to estab- 
lish all the needed facts, but they should 
point the way to other tests, and should 
suffice to narrow the regions of unknown 
reservoir behavior. 


@ Accumulation. [t would be useful to 
know final saturations obtained by forc- 
ing oil into water saturated sand, as an 
aid to other laboratory flow work, since 
most of such work must be done on arti- 
ficially saturated sands. The current 
trouble is in ascertaining the final accu- 
mulation saturation (or initial flow satu- 
ration) without destroying the test. If 
such results were generally known, other 
laboratory work would be facilitated. 
The variable ranges pertinent to this 
work would be: 











Oil gravity, deg..API... 13 25 40 

Sand permeability, md... 3000 700 100 

TMM SMIID Saisie seca ae loose consol. consol. 

Pressure gradient, psi/i.. 0.01-5 pag 0.001-0.5 
100-1 


Temperature, °F........ 80-120 150-250 











@ Relative permeability. This is the 
most important topic in flow research. 
Some of the most extensive work was 
limited to a narrow range of rather high 
permeabilities. Extension of the work to 
cover lower permeabilities is highly per- 
tinent. 











Oilgravity,deg.API 13 20 30 40 
Sand permeability, 

eae 1000 300 100 
Sand type......... loose loose consol. consol. 
Pressure gradient, 


RES 0.01-5 0.005-2 0.002-1 0.001-0.50 
Temperature, °F.... 80-120 100-140 120-180 150-250 








This work should be carried out over 
wide ranges of ratios of oil, water and 
gas, to complete a triangular diagram 
like that of Leverett for the high perme- 
ability loose sand, for each of the sands 
and oils studied. 


@ Recovery factors (residual satura- 
tions). This is the most important result 


to be derived from flow research and is 
not as thoroughly understood ag j 
should be. There are six main methods of 
recovery: Internal gas drive, gas drive 
water drive, gravity drainage, pressure 
control operations, and secondary regpy. 
ery. These may be combined in many 
ways in actual practice, so the entire gp. 
lution to this complex problem May 
never be at hand, but the present posi. 
tion should be greatly improved. The ad. 
mirable attempt by E. C. Babson (AIME, 
T.P. 1664, January, 1944) to use avail. 
able data to calculate recoveries under 
several commonly met field conditions 
brought him to the conclusion that the 
chief lack of information needed for pre. 
dicting recoveries was in the field of rel. 
ative permeabilities, not in actual labora. 
tory recovery tests. Certainly, pressure 
depletion tests are very difficult to carry 
out adequately in the laboratory, because 
of the inherent difficulty of duplicating 
in a small sample the combination of ex. 
pansion in a given sand volume, and gas 
drive from sand volumes more remote 
from the well. 

In the case of water drive and gas 
drive not involving large pressure 
changes there is more hope. Tests here 
should be carried out along some such 
pattern as follows: 








Oil gravity,deg.API 13 20 30 40 


Sand permeability, 

SEBO 1000 300 100 
Sand type......... loose loose consol. consol. 
Pressure gradient, 

Eee 0.01-5 0.005-2 0.002-1 0.001-0.50 


Temperature, °F.... 80-120 100-140 120-180 150-250 








Gravity drainage deserves more atten- 
tion than it has had. Sands saturated as 
suggested under “Accumulation” should 
be set up and drained in columns prefer- 
ably not less than 10 ft. high, nor less 
than 11% in. in diameter. The variable 
ranges pertinent to this work should be: 








Oilgravity,deg.API 13 20 30 40 
d permeability, 
"eee 3000 1000 300 100 
Sand type......... loose loose _ loose loose 
Temperature, °F.... 120 100-140 120-180 150-250 








@ Core analysis interpretation (inter- 
stitial water). It is desirable to extend 
flow research to include methods of esti- 
mating probable interstitial water. Two 
general types of experiment are sug- 
gested, that described by McCullough, 
Jones and Albaugh (API meeting, Los 
Angeles, May, 1944) and the more cum- 
bersome two-phase flow method that 
might set a limit for the amount of inter- 
stitial water under given conditions. Both 
should be pursued, and interpretation of 
the results should not lag far behind the 
experimental work. The two phase flow 
study could be incorporated as a part of 
the previously suggested research pro- 
gram pertaining to “Accumulation.” 


@ Recovery of liquid condensate from 
sand. This is one of the important flow 
problems that is entirely unsolved. It 
applies to any condensate gas field where 
the single phase hydrocarbon occurs at 
or near its dew point, as operating bot- 
tom hole pressures will drop below the 
dew point unless the reservoir pressure 
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Milwaukee 


SPEED IS PROFIT 


with Bucyrus-Erie 36-L Spuppers 
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RAPID MOVING 


With optional rubber-tired semi-trailer 
between locations at speeds of 25 to 30 miles per hour. 


base permits easy skidding to truck for speedy transportation. 


‘Bucy 
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Everything that the 36-L does, it does with the speed you 
want for profitable operation. Its effective drilling makes 
it a money-maker on tailing-in or shallow top-to-bottom 
Its fast hoisting and quick, accurate control give you 
the performance you need for economical handling of 
swabbing, cleanout, deepening, fishing and other servicing 
operations. Its quick rigging-up and high mohitity cut 
ha down-time to a minimum. 


What the fast-working 36-L 
is doing for more and more 
contractors every day, it can 
do for you. Investigate this 


mounting, 


W i 


profit-making spudder today. 


the 36-L can be transported 


Standard skid-type 


sconsion 
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is maintained fully by cycling. As this is 
generally uneconomical, condensation 
occurs around production wells. There is 
a wide divergence of opinion as to the 
fraction of such condensate that is eco- 
nomically recoverable by subsequent dry 
gas flow. Experimental work on this 
problem is much more difficult than any 
above outlined, as it necessarily entails 
high pressures and careful analysis of 
small quantities of hydrocarbons. 


Tentatively suggested research in- 
cludes: 
Butanes plus, per cent by wt... 10 20 40 
Sand permeability, md........ 20-500 20-500 20-500 
Formation pressure, psi........ 4500 4500 4500 
Formation temperature, °F..... 240 240 240 


Dry gas velocity, ft. perday... 1-50 1-50 1-50 


@ Miscellaneous. Bypassing is a large- 
ly unpredictable factor involved in most 
recovery problems. Practical laboratory 
scale models appear to give only qualita- 
tive results. This method of approach is 
time consuming and limited in general to 
special cases. This indicates that pos- 
sibly an analytical approach may yield 
results of more general value. 
Combinations of primary recovery and 
pressure control methods of operation, 
the latter either by water or gas injec- 
tion, should be amenable to analysis, if 
a complete knowledge of relative perme- 
ability were available. In this event anal- 
ysis could replace complex laboratory 
model experiments. 
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(Fig. D373) 


(Fig. D375) 


For reaming tight holes, or straightening 
crooked holes, Spang Star Reamers (Fig. D373) 
or the Spang Solid Reamer (not illustrated) 
prove extremely useful. They may be supplied 
either with straight water courses and blades, 
or made twisted (Spiral). 

For opening the hole around the top of tools 
or tubing, Spang Hollow Reamers (Fig. D375) 
or the Spang Cherry Picker are extremely 
useful, as are also Spang Spuds and Wall Hooks. 


For the best in Cable Tools 
SPECIFY SPANG 


SPANG & CO. 


BUTLER, PA. 


SELLS SPANG TOOLS 
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The literature has frequently pre. 
sented distinct curves of relative perme. 
ability versus saturation to apply respec. 
tively to consolidated or unconsolidated 
sands. Opinion is divided as to whether 
such a distinction is justified. Those who 
think that there is actually a gradual 
change in sand properties and resulting 
reservoir behavior involving all interme. 
diate gradations between consolidated 
and unconsolidated sands would like to 
see this matter adequately tested. It is 
thought that the apparently large dis. 
tinction between curves so far published 
may be in part a distinction between 
high and low permeability behavior 
rather than between consolidated and 
unconsolidated sand behavior. 


@ Conclusion. It is obvious that the 
above outlined tests are only a small 
fraction of the possible laboratory work 
in the field of flow research. It is also 
obvious that they represent thousands of 
manhours of time. It must be understood 
that the general comments immediately 
preceding the outline of tests applies 
throughout these tests. If their brief de- 
scription here can make future work any 
more applicable than it might otherwise 
be, whether by avoiding inept choice of 
physical properties and conditions, or by 
suggesting which work appears the most 
needed, the committee will feel that its 
time has been well spent. 
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Just getting there and back is the biggest prob- 
lem in many oil country operations. “Ordinary” 
trucks simply aren’t equal to the job. Only a 
truck with power and traction applied through 
the front wheels, as well as the rear wheels, has 
the ability to keep going through the mud, sand 
or snow that is regularly encountered in “‘on and 
off the highway” oil field operations. 

That’s why Marmon-Herrington All-Wheel- 





Drive converted Fords are so popu’ sr with oil 


men all over the world. Having all the depend- 
ability, speed, maneuverability and economy of 
standard Fords, they out-perform any conven- 
tional drive trucks on the market, when the 
going is really bad. 

Now is the time to get your order in line. 
Write for literature and the name of the 
Marmon-Herrington dealer nearest you. 


LET’S FINISH THE JOB * BUY MORE BONDS 


MARMON-HERRINGTON ¥ 


RU Wheel Dive tvcxs 






INDIANA 
MARTON 


mye | “ARMON-HERRINGTON CO., Inc., INDIANAPOLIS 7, 


Cable Address: 
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Control and Detection of Reservoir Gas 
Movement in Pressure Control Operations* 


Tie important natural agents for ef- 
fecting oil recovery that may be avail- 
able originally in a reservoir are gas, 
both dissolved in the oil and free in gas 
caps, encroaching water, and the force 
of gravity. Which of these agents will be 
dominant for any given reservoir at any 
stated time period is dependent upon 
local natural and operating conditions. 
Hence, it is possible for a pool to pass 
from one dominance to another. For ex- 
ample, if flow is unrestricted in the early 
life of a field, the major mechanism will 
most generally be a gas drive. This may 
be followed, upon the effective depletion 
of the free gas, by a dominance of either 
a water drive or of gravity drainage. 

Naturally occurring petroleum accu- 
mulations may exist either in a single 
phase or in two phases. Examples of the 
former are saturated or undersaturated 
oil (liquid phase only) or condensate 
pools (vapor phase only). A two-phase 
reservoir is one containing either gas 
and oil or oil and vapor, the latter case 
being exemplified by a condensate pool 
underlain by a dark oil zone. 

Recovery is commonly effected by pro- 
ducing from wells within a reservoir 
either by natural flow or by artificial lift 
that petroleum which enters the well 
bore as a result of native reservoir 
energy or the force of gravity. From the 
preceding discussion it is evident that 
recovery is thus a direct function of the 
amount of expulsive energy available 
and hence, of the type mechanism which 
is dominant. Thus, for a single phase, 
liquid accumulation in a reservoir not 
subject to a water drive and consisting 
of sands so low in permeability that 
gravity drainage cannot be operative, 
the only natural energy available for 
recovery is that contained in the solution 
gas. As a result, a minimum recovery 
efficiency is to be anticipated for this 
type of reservoir. Conversely, the natural 
recovery efficiency will be a maximum 
when the solution gas energy is aug- 
mented by that contained in an overlying 
gas-cap in a water drive pool of suf- 
ficiently high permeability that gravity 
drainage can also be a factor. 

Native reservoir energy may be aug- 
mented by the injection into the reser- 
voir of either gas or water. It is evi- 
dent that such a procedure should re- 
sult in the attainment of a greater ulti- 
mate recovery. Operations of this nature 
may be resorted to early in the life of 
a field, in which event they are gerierally 
referred to in current terminology as 

*Presented before California Natural Gasoline 
Association, October 13, 1944. 


Note: A portion of the material for this paper 
has been taken from an AIME paper given 
before the Los Angeles fall meeting of AIME 
Petroleum Division, October 20, 1944. 
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pressure control operations. The terms, 
pressure maintenance, as applied to a 
dark-oil reservoir and cycling for a con- 
densate type pool, are also used often in 
lieu of the more comprehensive terminol- 
ogy. The augmentation of reservoir en- 
ergy may also be instigated after a reser- 
voir has reached its economic production 
limit by primary recovery methods, in 
which event the operation is referred to 
as a secondary recovery process. 

It is apparent from the preceding dis- 
cussion that an efficient utilization of gas 
energy is essential to the attainment of 
a high ultimate oil recovery efficiency, 
particularly in those instances of either 
natural or stimulated production where 
gas is the major source of expulsive 
energy. It is to be noted, furthermore, 
that, in addition to its function as a 
displacing agent, gas also plays an im- 
portant role by virtue of its solubility 
in oil by reducing the viscosity of the 
crude petroleum. This will increase the 
degree of mobility of the oil and promote 
its recovery efficiency. Hence, a knowl- 
edge of subsurface conditions adequate 
to effect an efficient control of gas move- 
ments within a reservoir is highly perti- 
nent. 

The problem of controlling gas migra- 
tion is complicated by the fact that reser- 
voir sands are seldom homogeneous or 
of uniform permeability. Thus, in most 
instances, bypassing and fingering of gas 
will occur. This condition may be aggra- 
vated further by the existence of pres- 
sure anomalies due to a non-uniform pro- 
duction withdrawal pattern. Production 
of excess gas as a result of bypassing or 
fingering if unchecked, represents not 
only a loss in ultimate recovery due to 
this wastage of native reservoir energy, 
but may also cause the bypassing of sub- 
stantial bodies of oil that, after being 
denuded of their solution gas, will re- 
main non-recoverable unless the pool 
is subjected ultimately to a water drive 
or to gravity drainage. When dealing 
with a field where the native reservoir 
energy is being augmented by fluid in- 
jection, bypassing or fingering intro- 
duces the additional factor of economic 
waste represented by the cost of han- 
dling and compressing fluid to replace 
produced gas that has performed but lit- 
tle useful work within the reservoir. 

Migration of gas can be influenced by 
selective production or, in the event of 
pressure control or secondary recovery 
operations, by the suitable location of 
injection wells and control of their in- 
jection rates. In view of the hetero- 
geneity of most naturally occurring 
reservior sands, however, this procedure 
will not suffice generally to control gas 


migration effectively over an extended 
period of time. Thus, whenever bypass. 
ing assumes significant proportions re. 
course has to be had, in most instances, 


to the performance of remedial work on 


individual] wells for the purpose of shut. 
ting off the gas-bearing sand members, 
In this regard it may be highly signif. 
cant if the source of the encroaching gas 
can be identified. If it can be shown, for 
example, that the gas being produced 
consists largely of bypassed injection 
gas, the situation may be remedied some. 
times, and further gas expansion to other 
wells prevented, by changing the loca. 
tion of the injection well or by shutting 
off in the injection well the sand finger 
responsible for the bypassing. In such 
event, it is evident that a substantial sav. 
ing in well repair costs can be realized, 
as compared to those incurred when a 
number of producing wells have to be 
worked on. 

Because of the need for means of de- 
tecting the migration of gas or show- 
ing that bypassing of injected gas is oc- 
curring, it will be the purpose of this 
portion of the paper to explain the phys- 
ical indications of gas migration, pres- 
ent means of detecting the presence of 
injected gas, and to describe briefly a 
method of well effluent analysis to give 
the amount of reservoir fluids and in- 
jected gas in a well’s production and a 
distribution of its gas production. 


@ Physical indications of reservoir 
gas movements. The physical indica- 
tions of gas or vapor phase migration 
can be similar in nature for the liquid- 
phase reservoir or for the vapor-liquid 
phase reservoir. However, these similar 
physical indications may be the result 
of different types of movement of gas 
or fluids in each type of reservoir. It is 
well, therefore, to consider the physical 
indication, as shown by increasing gas- 
oil ratio, changes in tank oil gravity, and 
wet gas or well effluent composition for 
the various types of reservoirs. 


@ Increased gas-oil ratio. The first 
usual indication of the migration of gas 
is an increase in production gas-oil ra- 
tio; cubic feet of wet gas produced at 
standard conditions per barrel of tank 
oil. This should not be confused with a 
seasonal variation in the gas-oil ratio. 

In a single vapor-phase reservolf 
where a récycling process is being used, 
any migration of injected gas is reflected 
in the increased gas-oil ratio. However, 
this increase may not be proportional to 
the amount of injected gas being pro 
duced as its presence affects the retro 
grade condensation process by which the 
tank oil is produced. 
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If you are the “look-ahead” type of 
fellow, you probably have plenty of 
plans for modernizing your power 
setup. Make sure you have included 
the complete use of Utility Electric 
Power Service in your plans. Talk 
over your power problems with the 
power engineer of your electric 


power service company now. 


PETROLEUM BASS. ON POWER ASSOC Thee 
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Z ff tank oil. Here again, seasonal variations | 
O05 and surface trapping conditions affect | , 

5 v4 the gravity of the tank oil. - 
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- FIG. 2. Weight tion of injected gas should result ina} 

0.4 Soastinn aff desk decrease of the gravity of the tank oil} 

- if oil in well efluent due to the stripping effect at trapping} ,, 

O from weight frac- conditions and its effect on retrograde g 

i tion of isobutane condensation. tk 
=03 and heavier. Pressure maintenance by injected gas |}, 

0 0.2 04 0.6 0.8 1.0 in a single-liquid phase reservoir can re- 

WEIGHT FRACTION DARK OIL sult in an increased tank oil gravity due} 

to the stripping of volatile componentsof |; 

the residual oil at reservoir conditions, |, 

and mixing of these vapors with no 

In a single liquid-phase reservoir an (either original or secondary) and in- oil production. As this stripping pro]. 
increased gas-oil ratio is an indication jected gas, separately, or a combination gresses, the amount of volatile materia ' 
of the migration of liberated solution gas of both, and even the enriched injected will decrease and the gravity of the : 
or injected gas. For the latter case, the gas alone. oil likewise decrease, eventually to that ' 
actual increase may be due to either in- Dee te the fnct that the iaceoaned of the original tank oil. The gravity may | 
jected gas or the resulting enrichment gas-oil ratio may be caused by a number even become lower due to this continu 


of injected gas by contact with residual f 
oil left in the interstices of the reservoir is not controlled. The first effect, 1 


. " ae 
sands. In the first case, there will be ote fb di creased gravity, may indicate the pres ) 
reduction in the amount of tank oil, and = PTOX!Mate the amount of bypassed Mm- — ence of a gas cap. Since for this type : 


: ag ion, i i . d gas 
of different types of movement, it is not action, if the production of by-passed 


possible to determine the cause, or, ap- 


in the second, an increase in tank oil jected gas in the single liquid-phase reservoir no original gas cap exists, 
volume due to enrichment, per unit of — Teservoirs from gas-oil ratios alone. In a qualitatively then, the increased gravity 
original reservoir fluid. two-phase reservoir, it would be even of the tank oil will confirm the migration 

In a two-phase reservoir, the increased more difficult to approximate thé amount of liberated solution gas or injected gas 
gas-oil ratio can result from the move- of injected gas being producéd by a as indicated by the increased gas-0 
ment of gas of two types, gas cap fluid well. 3 ratio. 
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In a two-phase reservoir, an increased 

tank oil gravity may also be the result of 
the expansion of the original gas cap to a 
well bore completed in dark oil phase. 
However, the increase may also be due to 
the stripping effect of the injected gas on 
the residual dark oil, thereby enriching 
it and make it appear that the increased 
gravity is due to gas cap production. 
Thus, the increase in tank oil gravity 
oflers no means of showing what process 
is occurring. 
@ Composition of wet gas or well efflu- 
ent. The injected gas used for pressure 
maintenance in a producing reservoir is 
in most cases the residue gas from an ab- 
sorption plant treating the wet gas pro- 
duced by the reservoir. In such an event, 
there are no significant differentiating 
characteristics of the injected gas to aid 
its detection. If some other gas having 
decided differences in composition were 
used for pressure maintenance and the 
resulting produced gas were not recycled 
to the reservoir, the changes in composi- 
tion of the produced gas from that ini- 
tially produced by the reservoir could be 
used to detect and determine how much 
injected gas was being produced. There 
are very few fields in which such a proc- 
ess of detection would be feasible. 

The migration of gas cap fluid or in- 
jected gas to a well bore can be. deter- 
mined by changes in the composition of 
the well efluent—-well effluent being the 
total production from a well bore — as 
shown by its analysis from time to time. 
This is due to the fact that the gas cap 
fluid has a higher percentage of the 
lighter constituents than the dark oil, 
and that the. injected gas is generally 
composed of methane, ethane, propane, 
and only a small amount of the butanes. 
If. by comparison, the well effluent shows 
a decrease in certain fractions, a dilution 
eflect caused by the entry of gas cap 
fluid, injected gas, or both, by migration 
to the well bore has occurred. The 
change can be computed and would give 
a physical indication of any migration 
and the magnitude of the change over the 
period between analyses. This method 
would not indicate, however, if the 
change has been due’ entirely to an in- 
crease in gas cap fluid, enriched injected 
gas, injected gas, or a combination of the 
three to give the same certain fraction 
content in the well effluent. 

It becomes evident then, although 
there are a number of physical indica- 
tions that migration of gas cap fluid, en- 
riched injected gas, or injected gas has 
occurred, that these indications in them- 
selves do not permit an accurate deter- 
mination of the respective amounts of 
migration to aid in detecting gas move- 
ments in the reservoir due to pressure 
control operations by means of injecting 
gas. 


@ Methods of indicating migration. 
Methods in use and proposed have been 
to add gases, called tracers, foreign to 
the hydrocarbons in known proportions 
to the injection gas. By determining the 
amount of tracer in the gas produced by 
Surrounding wells, it is possible to calcu- 
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Changes come fast in the oil industry. New processes replace 
old, and make new problems in heat transfer. For more than 
a quarter century, Young engineers have worked with petrol- 
eum and chemical engineers, solving new problems as they 
came. That’s why Young stands ready now with the experience, 
“know how”, and manufacturing facilities to design and pro- 
duce special or standard heat transfer units for every need. 


YOUNG 


HEAT TRANSFER PRODUCTS 


Oil Coolers * Gas, Gasoline, Diesel Engine Radiators * Intercoolers * Heot Exchangers * Engine Jacket 
Water Coolers * Unit Heaters ©¢ Convectors © Condensers ¢* Evaporators * Air Conditioning Units 
° Heating and Cooling Coils ° And a Complete Line of Aircraft Heat Transfer Equipment. 


YOUNG RADIATOR COMPANY, Dept. 285-G, Racine, Wisconsin, U. S. A. 























late the amount of injected gas being ruEk Maree Cuutias rr Bt ay ey 

’ ' . R. FLOURNOY COMPANY 
produced. The tracer can be added to Drawer 770, Tulsa 1, Oklahoma 609 S. Grand Ave., Los Angeles 14, Calif. 
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NOWIASK YOU- 


@ Do you really believe I 
am the proper person to 
do this sort of work? I do 
not! 
@ In fact, I am just about 
as efficient at this as the 
average sand pump or 
clean-out bailer is at clean- 
ing out an oil well. 
@ Confidentially, if you 
want a real clean-out tool 
go to your nearest supply 
store and order the 
tops among all 
clean-out tools ... 


“THE MIDCO 
BAILER™ 


@ Every individual fea- 
ture of the MIDCO con- 
tributes in some degree 
te the almost unbeliev- 
able results obtained. F 
e@Large volume of sales | 
in both Domestic and 
Foreign fields permits 
maintenance of price 





competitive with any 
clean-out tool. 

@ Distributors located 
in practically all fields 
make replacement parts 
readily available. 

@ G-TYPE has solid steel 
plunger rod—exception- 
ally sturdy construction 
throughout. 

Standard cable tool 
pin permits Jars and 
Sinker to be run above 
pump, eliminating fish- 
ing jobs. 

e@ F-5 TYPE has patent- 
ed plunger construction 
to assure highest pos- 
sible efficiency in this 
type of pump. 
PATENT No. 2061486 
2090055 2090209 





2176231 — 2187042 
Other Patents Pending 
TYPE-G TYPE F-5 


For additional information see i 
COMPOSIT CATALOG, Page 1903 / 
Call, wire or write of 


iil te rye F-5 
BAILER CO. 


1006 - 1012 S.E. 29th STREET 
TELEPHONE 7-8586 = BOX 1542 
OKLAHOMA CITY » OKLAHOMA 
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the low stage intake of the compressor 
in which case all the injected gas will 
contain the tracer. However, in some 
cases it may be desirable to add the 
tracer into the gas going to only one in- 
jection well. This would require means 
of introduction at high pressures, in 
some cases over 3000 lb. and possibly 
4500 Ib. per sq. in. Periodic testing of 
the produced gas at frequent intervals 
by sensitive and quantitative means to 
determine the amount of the tracer would 
be needed to show how much injection 
gas is present in the gas produced. 

One of the tracer methods is that used 
by the Carter Oil Company? in an Iili- 
nois field in which carbon monoxide, the 
reaction product of passing carbon diox- 
ide over heated charcoal, is added to the 
gas going to an injection well. In this op- 
eration, the concentration of the added 
tracer is 500 parts per million and is pro- 
duced from the wells in concentrations 
varying from 3 to 175 ppm. The proced- 
ure used is to introduce the tracer, of 70 
per cent purity and bottled at 900 Ib. per 
sq. in. into the wellhead of the injection 
well to give a concentration of 500 ppm.., 
for a number of days. The producing 
wells are tested for the concentration of 
the tracer gas which build up to a maxi- 
mum-<and then diminish to nothing. The 
statement is made that practically all the 
added tracer is recovered. Other infor- 
mation available to the authors indicates 
that a modified Mines Safety Appliance 
carbon monoxide indicator is used to 
show the concentration of the tracer. The 
cost of producing this tracer is given as 
approximately 6 cents per cu. ft. at a 
capacity of 600 cu. ft. per day. This pro- 
duction capacity is sufficient for tracing 
approximately 2,000,000 cu. ft. of injec- 
tion gas. If a pressure maintenance proj- 
ect requires the tracing of, say, 20,000.- 
000 cu. ft. per day, the operating cost 
would be about $11,000 a month, which 
would be prohibitive, and also, require a 
large outlay for equipment to produce 
the required amount of tracer gas. A pos- 
sible economical method would be to use 
the exhaust gases of an internal combus- 
tion engine using a rich-fuel mixture. By 
compressing the exhaust gas along with 
the field wet gases, thereby tracing all 
the gas to all the injection wells, the 
cost of a special compressor can be elim- 
inated. The cost of this alternate produc- 
tion of the tracer for a 20,000,000 cu. ft. 
a day operation would be about $600 per 
month. In either method an additional 
expense is for the full time services of a 
chemist. 

Another suggested means has been to 
use mercaptans as tracers. These com- 
pounds have a very distinctive odor, even 
at a low concentration of one part in one 
billion parts of air. The quantity of mer- 
captans can be determined by chemical 
means, however, they have boiling points 
in the range of the butanes and heavier 
portion of the wet gas and also are solu- 
ble in crude oil, so that it might be neces- 
sary to test the trap fluid as well as the 
wet gas to determine the amount of mer- 
captans in the well effluent. In one case 


: 10il and Gas Journal, November 19, 1942, 
page 36. 


where ethyl mercaptan was used, the 
odor was noticed in the production from 
edge wells where injection gas was not 
expected by evidence of no increase jp 
gas-oil ratios. It is thought that the mer. 
captans diffused through the oil sands ty 
the outer edges of the reservoir. If this jg 
the case, and also because of its obnoy. 
ious odor around the producing field, the 
use of mercaptans for the tracing of jp. 
jection gas is not advisable for continued 
use. It might be suitable for a single tes, 
in small quantities. 

Other types of tracers used and sug: 
gested have been nitrogen, helium, car. 
bon dioxide, and related gases. The low 
concentration of any type of tracer in the 
produced gas, and especially with the in. 
ert gases, will require special laboratory 
apparatus and technique for qualitative 
and quantitative determination. The de. 
velopment of the commercial mass spec. 
trometer offers a good possibility of 
using the inert gases as tracers because 
of its rapid and accurate determination, 
However, this instrument requires a 
rather large outlay for installation and 
skilled technicians for its operation. 


@ Limitations and disadvantages of 
tracers. The above mentioned tracer 
methods, excluding mercaptans, have the 
advantage of telling the actual amount 
of traced injected gas being produced, 
but only when the entire amount of in- 
jection gas is treated with a tracer. It is 
presumed that a considerable time is re. 
quired to displace the fluids in the reser- 
voir under pressure control operations. 
To be certain that the first evidence of a 
tracer gas in the production is noticed, it 
will be necessary to make periodic tests 
for the tracer for a long time. In many 
vases pressure control may be in opera- 
tion long before the actual need of de- 
tecting the migration of injected gas may 
be apparent, in which event the addition 
of a tracer to the injection gas is not im- 
mediately started. Further, the difficul- 
ties in delivery of the required equip- 
ment and test apparatus during these 
war years may have delayed the actual 
staftt of tracing injected gas. Thus in 
many cases, there are large volumes of 
injected gas that have not been traced 
and are now possibly being produced un- 
detected. 

Another disadvantage is that a pro- 
ducing field may have separate zones re: 
quiring various degrees of pressure con- 
trol. Commingling of the gases for proc- 
essing and compression then preclude 
the introduction of a tracer into one zone 
for the tracing of subsurface migration 
from it to another zone under pressure 
control. The second zone will then be re: 
ceiving a portion of traced gas being pro 
duced by the first zone and thus the de- 
tection of inter-zone migration be made 
impossible. This can be overcome by 
adding different tracers to each zone, 
by handling the gas from each zone I 
separate absorption and compress0! 
plants, which would lead to expensive 
duplication of plant facilities. 


@ Well effluent analysis method. Cor- 
sideration of some of the disadvantages 
and limitation of using tracers has led to 
the development of a new method for the 
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vew: The EDWARD Intex UNIVALVE® 


Newest addition to the Edward steel valve line, the Univalve is a forged steel globe valve for service 
to 1500 lb at 950 F. Body and bonnet are a single unit, the seat is integral with the 
body, and the inclined stem design and streamlined flow contours cut pressure drop to from 
25% to 50% of that of most forged steel globe valves. 
All the distinctive standard features of Edward valve construction are included—oversize 
knobbed handwheel, extra-deep stuffing box and cooling chamber, re-enforced 
EValpak molded packing, junk ring EValized for abrasion resistance, 
centerless ground EValloy stem—with the addition of many 
new features that make the Edward 
























Univalve the best buy possible for 
high temperature, high pressure 
service. 


*Integral seat valve with body 
and bonnet a single unit. 


WELDED BONNET 


Patented leakproof welded body- 
bonnet joint, with backseating joint 
for repacking under pressure, and 
designed for disassembly if ever 
necessary. 


2 INTEGRAL hard-faced SEAT 


A continuous ring of Stellite applied 
directly to the body, machined in the 
same set-up with body bore for per- 
fect alignment, and carefully mated 
to disk for full bearing area. 


HARD FACED DISK 


Heavy layer of ground and lapped 
Stellite on alloy steel disk. 


5S BRONZE YOKE BUSHING 
‘Minimizes wear and prevents galling. 


G BOLTED GLAND 


- Easy packing adjustment, 
with through-bolted, 
accurately guided 
gland. 


6 ONE PIECE, Integral 
YOKE BONNET 


Perfect alignment of working parts. 


7 ow PRESSURE- 
DROP FLOW 


Edward inclined stem globe valve 
construction eliminates sudden 


—— =A Z P fn oes aos ou om changes of flow, reduces erosion-pro- 

’ Hoo-@ et, ducing turbulence, and cuts pressure 
drop to minimum, yet retains desira- 
ble characteristic of globe valve 


tightness. , 


UNIVALVE SIZE RANGE 
1500 Ib —950 F ) a a 
“ sewer — .. a 
9: 2220— . a” 
Fig, 322030" 1 14", 2° EDWARD Szee/ VALVES 
Socket Welding Ends : 
Fig. 2224—'2", %" The Edward Valve & Manutacturing Co., Inc. ¢ East Chicago, Indiana 
Fig. 3224—%", 1", 12", 2” 3 
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BB2=Double rows of Ball Bearings 
EP =Effective Packing Element 
P/V=Pressure or Vacuum 





CHIKSAN FORMULA for PERFECT FLEXIBILITY 


meets Chemical Industry’s demands... 


CHIKSAN Ball-Bearing Swivels are widely used throughout 
the Chemical Industry on loading and unloading lines, on 





process equipment...in every place where perfect flexibility 
with low torque is required under pressure or vacuum. Built | 
of malleable iron, steel, special alloys, bronze or aluminum, 
Chiksan Swivels are used on flexible lines handling acids, al- 
kalies, gasoline, oil, steam and many other liquids, gases and | 
vapors under pressures to 3,000 p.s.i. and varying temperatures. | 
The performance of Chiksan Ball-Bearing Swivels in the 
Chemical Industry under the most severe conditions proves their 
ability to meet your requirements under your conditions...no 


matter how rugged they may be. Write for Catalog. 







CHIKSAN REPRESENTATIVES IN PRINCIPAL CITIES 




















BALL BEARING 
SWIVEL JOINTS CHIKSAN COMPANY 
FOR ALL PURPOSES "BREA, CALIFORNIA 
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detection of gas migration. This is 
more completely described before ; 
other meeting in the near future. 

Presupposing that a producing 
voir having two sources of production , 
gas cap area and a dark oil ring, both 
uniform but different composition, ig 
ing subjected to pressure control 9 
tions to the extent of maintaining 
sures above the saturation pressy 
the dark oil by the injection of a re 
gas substantially free of butanes, It 
further be assumed that such a field; 
first produce dark oil, then a mixty 
dark oil and gas cap fluid, and then} 
of these two along with injected gas 
will be enriched from the dark oil f 
as a whole. Relationships expressing ¢ 
tain properties can be developed 
the composition and properties of the 
two sources and injected gas. 

By use of production data and the 
fractional hydrocarbon analyses of the 
wet gas and trap fluid for wells produc. 
ing exclusively from either the gas cap 
or dark oil ring, the weight fractional 
analyses are calculated for the two types | 
of well effluents. The cubic feet at stand. 
ard conditions of propane and lighter 
per 100 lb. of well effluent and the den. | 
sity of the isobutane and_ heavier in 
pounds per gallon are also calculated. 
By the method .of mixtures, in which 
known proportions of the two well effu- 
ents are added together, the analysis and 
properties of a mixture of these two well 
effluents can be calculated. Conversely, 
if this basic data is known, the analysis 
and properties of a mixed well effluent 
can be used to determine the proportions 
of dark oil and gas cap fluid in the well 
effluent. The various relationships can 
be expressed in equations of general 
type, and by substitution of analyses and 
properties of the source well effluents, 
the specific equations for mixtures from 
these sources can be developed. 

For the purpose of numerical illustra. 
tion, data of Dodson and Standing? has 
been used to develop the basic equation 
of an assumed producing reservoir. Theit 
crude “B” has been taken to represent 
the well effluent from the dark oil ring 
and crude “C” the well effluent from the 

























2“Prediction of Volumetric and Phase Behav- 
ier of Naturally Occurring Hydrocarbons, 
Dodson and Standing, API Drilling and Pro- 
duction Practice, 326 (1941). 





TABLE 1. Hydrocarbon analyses 
and properties of dark oil and gas 
cap well effluents. 





Dark oil 














o 
Component (weight wei 

wc fraction) | fraction) 
ee re ow} 2 0.4791 
I eins sae ccca aes bee 0.0230 0.0813 








* RSSRRSERENIIENORS 0.0265 | 0.0547 
RS 65 c6 ndcaw secaene 0.0239 0.0437 
RG rican, a2.00s atin oe 0.0355 0.0426 
Heptanes plus............. 0.7628 0.2241 
Propane and lighter......... 0.1513 0.6349 
Butanes and heavier........ 0.8487 0.3651 
Cu. ft. propane and lighter 

per 100 lb. wells effluent. .. 294 1297 
Density of butanes and heav- 

ier, lb. per gal. at 60° F...| 7.044 5.951 
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e058 SEPARATORS. 





ase Behav- 4 BS & B Separators Guarding Production in a Canadian Oil Field 


ro 
—™ B S & B Separators truly are sentinels of oil fields. 
In rain or shine, sleet or snow, these dependable, 
sturdy units surely and efficiently separate the last 
precious drop of oil from the gas. B S & B Separators 
stand guard in practically every oil field in the 
world—from the frozen North to the hot, steaming 











Write for 
Literature 


Tropics. Available for working pressures up to 3050 
p-s.i. When equipped with B S & B Safety Heads, 
they guard against excessive pressures as well. Sub- 


mit your special separator or scrubber problems to 


our engineering department. 


Ask Your 
BS&B Man 
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OKLAHOMA CITY 





























vas cap. In Table I there is given the 
weight fractional analyses of these well 
effluents and the properties of the two 
portions propane and lighter, and iso- 
butane and heavier. 

The above data has been used for 
establishing equations for this assumed 
field. The essential equations are shown 
graphically on Figs. 1 and 2. 

Fig. 1 represents the relationship of 
the density of the isobutane and heav- 
ier with the amount of dark oil in the 
mixed well effluent for the above as- 
sumed field. 

Fig. 2 shows how the isobutane and 
heavier content in a mixed well effluent 
varies with the amount of dark oil in the 
well effluent. 

The equations represented by these 
figures are of use even if no pressure con- 
trol operations by means of injected gas 
are being conducted in this field. In this 
event, it is possible by their use and the 
analysis of the well effluent to determine 
the proportions of dark oil and gas cap 
fluids being produced, and also the re- 
spective percentages of solution gas and 
gas-cap gas as long as the reservoir pres- 
sures are in excess of the saturation pres- 
sure, 

In the event pressures are maintained 
by gas injection, the amount of injected 
gas being produced is of primary con- 
cerns Hence, it is well to develop what 
its effect is upon the well effluent and 
thus to determine the quantity of it being 
produced. For the demonstration of this 
method, it has been taken that the res- 
idue gas to be used for injection purposes 
will contain only a small amount of the 
butanes, as the demand for these frac- 
tions by refineries has led to their high 
recovery by absorption plants. This be- 
ing the case, the presence of injected gas 
will cause a dilution of the isobutane 
and heavier portion of well effluent. The 
basic equation covering the analyses of 
mixtures of dark oil and gas-cap fluids 
is thus changed by the presence of in- 
jected gas. The density of isobutane and 
heavier portion is affected by the small 
amount of butanes in the injected gas, so 
this equation must be modified. The 
weight fraction of dark oil present in the 
mixed well effluent is approximated from 
the density of the isobutane and heavier 
relationship as shown in Fig. 1. The re- 
sulting value for the dark oil is then 
used in the equation expressing the 
amount of injected gas from the well 
effluent analysis to determine approxi- 
mately how much injected gas is present. 
By use of this approximate value in the 
modified density equation, a better value 
for the amount of dark oil can be found. 
By repetitions of these approximations, 
constant values for the amount of in- 
jected gas and dark oil present in the 
dark oil-gas cap portion of the well efflu- 
ent mixture can be found. Once these 
are known, the weight fractions of dark 
oil, gas cap and injected gas, neglecting 
enrichment, in the well effluent can be 
computed. The equation expressing the 
amount of injected gas by analysis of 
the well effluent is represented in Fig. 3, 
where the above equation has been cor- 
rected for the butanes content of the res- 
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idue gas used as injected gas for this 
assumed field. 

For more practical purposes, it is de- 
sirable to know how much of the wet gas 
is being produced from each source, or 
its volume percentage distribution. From 
the composition of the well effluent, the 
volumes of propane and lighter from 
each source and non-enriched injected 


. gas can be calculated and used to distrib- 


ute the wet gas production. In this case 
it is necessary to deduct the volume of 
injected gas from the wet gas production 
and distribute the balance according to 
the propane and lighter from the dark 
vil and gas-cap fluids. By this means it 
is possible, therefore, to determine the 
cause of the increased gas-oil ratio for a 
producing well. 

An illustration of the use of this 
method of determining the migration of 
gas-cap fluid and injected gas will be 
given by the use of the following data of 
an assumed well shown as well “1” on 
the figures. This well has been found by 
analysis of the wet gas and trap fluid and 
production data to have a well effluent 
containing 0.6684 weight fraction of iso- 
butane and heavier with a density of 
6.850 lb. per gal., and also to contain 670 
cu. ft. of propane and lighter per 100 lb. 
of well effluent. The well is producing 
with a gas-oil ratio of 3220 cu. ft. per bbl. 
and 441.0 lb. of well effluent per bbl. of 
tank oil. From Fig. 1, the weight fraction 
of dark oil for a density of 6.850 lb. per 
gal. is expected to be 0.702. The expected 
weight fraction of isobutane and heavier 
from Fig. 2 for this value of dark oil is 
0.704. Since this is greater than the 
0.6684 found by analysis, injected gas is 
present. The weight fraction of injected 
gas for this well effluent is found to be 
0.0525 and an equivalent dark oil weight 
fraction of 0.7033 as shown by well “1” 
on Fig. 3. The well effluent is thus found 
to have 0.0525 weight fraction of injected 
gas, 0.6664 weight fraction of dark oil 
fluid and 0.2811 weight fraction of gas 
cap fluid. To make a distribution of the 
wet gas production, it is first necessary 
to compute the volume of propane and 
lighter from each of the sources contrib- 
uting to the production per 100 lb. of 
well effluent. This is found to be 106 cu. 
ft. of injected gas, 196 cu. ft. from the 
dark oil fluid, and 365 cu. ft. from the gas 
cap fluid, for a total of 667 cu. ft. The 
distribution of the wet gas produced per 
barrel of tank oil is found by subtracting 
the volume of injected gas in the total 
well effluent, 468 cu. ft. from the gas-oil 
ratio of 3220 cu. ft., and distributing the 
resulting wet gas according to the pro- 
pane and lighter from the two remaining 
sources. The distribution thus developed 
is as follows: 


Volume 

Cubic feet per cent 
Injected gas _. 468 14.5 
Dark oil fe 29.9 
Gas cap __...1790 55.6 
3220 100.0 


The results of this method applied to 
the well taken for an example show that 
the entry of gas cap fluid is the primary 
cause of the increased gas-oil ratio. In- 
jected gas is shown to be present and 


should possibly be controlled by reme. 
dial work. 

The well effluent analysis method cay 
be modified to apply also to a gj 
phase reservoir, being cycled, or a dark 
oil reservoir being operated under pres. 
sure maintenance by injected gas. In this 
latter case, an enrichment of the injected 
gas due to contact with the residual gjj 
in the reservoir may occur, which might 
lead to the belief that a gas cap was orig. 
inally present in the reservoir. 


@ Effect of enrichment. One of the 
assumptions made in developing this 
method is that the enrichment of jp. 
jected gas will be from the dark oil fluid 
as a whole. This is not strictly true as the 
enrichment can only occur from the com. 
ponents volatile at reservoir conditions, 
This enrichment of the injected gas by 
the residual dark oil is a continuous one 
throughout the contacted oil and can 
best be described as a process in which 
the vapors from one step of enrichment 
come into contact with another portion 
of fresh residual oil, and so forth, until 
the vapors can become no richer, or en- 
ter the well bore. Meanwhile fresh in- 
jected gas comes into contact with par. 
tially denuded residual oil and so on, 
until all of the components volatile at 
reservoir conditions have been vapor- 
ized. The enriched injected gas will ap- 
proximate the composition of the vapors 
in equilibrium with the residual oil and 
should have approximately the composi- 
tion and properties of the gas cap fluid. 
As the stripping progresses, the enrich- 
ment will become progressively less and 
finally no enrichment will occur. 

Thus it is possible to have four types 
of fluid present in a well effluent—dark 
oil, gas cap, enriched injected gas, and 
injected gas. It is not possible to distin- 
guish between gas cap fluid and injected 
gas which has been completely enriched. 
The method does show the amount of in- 
jected gas that has not been enriched 
and should be of help in the guiding of 
pressure control operation and the plan- 
ning of remedial work. 

Periodic surveys by this well effluent 
analysis method in a producing field 
under pressure control operation by in 
jected gas will give information as to 
migration of gas cap fluid and injected 
gas. Such a survey requires the frac 
tional analyses of two samples per we 
wet gas and trap fluid, the production 
data, and about three hours calculating 
time. The cost per well would be from 
$50 to $60 per survey and will give mort 
information than the use of a tracer ga 
process. Even if a tracer is used, it is de 
sirable to supplement the tracer me 
with the well effluent analysis meth 
as the tracer will only show the amoull 
of any injected gas being produced amt 
not how much of the increased gas 
ratio may be due to gas cap expansidl. 

It has been the purpose of this papét 
to review the benefits to be derived # 
the control and detection of reservoir g# 
movement in pressure control opel 
tions. The well effluent analysis method 
herein briefly described has been devel 
oped to aid in picturing what is occur 
ring in such a reservoir. xt 
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UR business is to see that you 

get needed equipment and 
supplies—what you want, when you 
want it. We seek to represent you 
just as effectively as we represent 
a group of distinguished manufac- 
turers. ..To many buyers, Franklin 
Selective Procurement Service is an 
integrated part of their purchasing 
routine —a pipe line of dependa- 
bility and satisfaction. 
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Experimental Water-flood in a California Oil Field 


P 538.2 


By E. C. BABSON, J. E. SHERBORNE, and P. H. JONES, Union Oil Company of Californig 


@ Introduction. As a result of an in- 
vestigation of subsurface conditions in 
the Chapman zone of the Richfield field, 
.t was concluded that ultimate oil recov- 
ery from this zone would probably be 
low and that natural water encroach- 
ment was so localized as to be of little 
importance from a recovery standpoint. 
Furthermore, it was found that in many 
portions of the zone the wells were ap- 
proaching an unprofitable level of pro- 
duction. When these data were present- 
ed to the management of the Union Oil 
Company, their reaction was that an at- 
tempt should be made to develop meth- 
ods of recovering at least a portion of 
the large quantity of oil remaining in 
this zone. 

*Presented before American Institute of Min- 
ing and Metallurgical Engineers, Los Angeles, 


California, October, 1944. Published in Petro- 
leum Technology, March, 1945. 


After some investigation, it was de- 
cided that water-flooding offered the 
most likely means of accomplishing this 
end, but reservoir conditions in the Chap- 
man zone differ so widely from those 
encountered in any of the flooding pro- 
jects described in the literature that it 
was difficult to evaluate the probability 
of success. Despite encouraging results 
from laboratory tests, it was not even 
certain that water would displace an 
appreciable volume of oil from the Chap- 
man sand under reservoir conditions. 
Therefore, it was decided to initiate a 
small-scale project, for two purposes: 
First, to determine whether water would 
displace oil from the Chapman sand 
and, second, to obtain information and 
experience for future operations if water- 
flooding appeared to be a promising 
method of secondary recovery. 


FIG. 1. Section through injection and ad- 
jacent wells of the experimental water-flood. 
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@ Reservoir data. The Chapman zone 
is the upper of the two producing zones 
in the Richfield field, being found at 
depths from 3000 to 3700 ft. The produc. 
tive portion of the zone consists bf a 
large irregularly shaped sand body, 
which is more than 400 ft. thick at the 
top of the structure. As the margin of 
the field is approached, the sand is re. 
placed by interfingering shale members, 
until at some points the interval becomes 
predominantly shale. The sand is of me. 
dium grain size, friable, usually argil- 
laceous, and poorly sorted; the average 
porosity is approximately 31 per cent, 
the average permeability to air approxi- 
mately 1100 millidarcys, and the average 
interstitial water content is believed to 
be 37 per cent.’ The oil ranges in gray. 
ity from 16 to 22 deg. API, the average 
being about 19 deg. The viscosity of the 
oil, corrected to reservoir temperature of 
140 deg. but without adjustment for gas 
in solution, is approximately 50 centi- 
poises. Oil recovery to date has been ap. 
proximately 19 per cent of the oil in 
place and it is expected that the ulti- 
mate recovery by present methods of 
production will be between 21 and 22 
per cent of the oil in place. The prin- 
cipal recovery mechanism has apparent- 
ly been expansion of originally dissolved 
gas. Water encroachment has been local- 
ized to certain areas in the field and in 
certain portions of the section as would 
be expected from the irregular nature 
of the sand body. 7 

In choosing a location for a water 
flooding experiment, several factors were 
considered. In the first place, a thin sand 
section was desired, in order to minimize 
damage if the project were unsuccessful. 
Secondly, it seemed reasonable to choose 
a location in which water encroachment 
had been absent. Thirdly, it was consid- 
ered desirable that the wells in the area 
to be flooded should be approaching an 
unprofitable level of production. In ad- 
dition to these features, it was, of course, 
necessary that the project be located in 
such a manner as to minimize offset dif- 
ficulties. 

The location chosen is in the south 
western part of the field, not far from 
the pinch-out of the Chapman sand. The 
sand body at this location is approx! 
mately 50 ft. thick and the two produc 
ing wells nearest to the injection well 
were each producing approximately 7 
bbl. per day of oil and 1 bbl. per day of 
water prior to inception of the project. 
A section through the input well and 
these two producing wells is shown 1 
Fig..1. 

@ Development. As the underlying 
Kraemer zone was believed to be pre 
ductive at the location chosen for this 
periment, the input well A was dril 
to this zone in order to make po 


1H. C. Pyle and P. H. Jones: API Drilling am 
Production Practice (1986) 171. 
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recompletion as a Kraemer-zone pro- 
ducer following conclusion of the water- 
fooding project. The Chapman sand 
body was completely cored and detailed 
core analyses were made, the results of 
which are shown in Fig. 2. The sand 
body was somewhat thinner than was 
expected, there being only 38 ft. of sand 
in the section and the average perme- 
ability and porosity were lower than the 
averages for the zone as a whole, the 
permeability to air being 422 millidarcys 
and the porosity 29.1 per cent. The well 
was completed by running a 514-in. com- 
bination string to bottom, cementing 
through perforations at the base of the 
Kraemer shale and gun-perforating the 
Chapman sand. In order to protect the 
Kraemer zone, the cement and retainer 
left from the. cementing operation were 
not drilled up, and, as a further precau- 
tion, a bridge plug was set below the 
Chapman sand. 

After swabbing perforations and bail- 
ing for a few days, pumping equipment 
was installed and the well was put on 
production. Over a period of three weeks, 
the production averaged approximately 
4 bbl. per day of net oil with a cut of 
20 per cent and a gravity of 18.2 deg. 
API. In order to ensure adequate clean- 
ing of the sand face, the well was then 
washed with 250 gal. of inhibited hydro- 
chloric acid. Although some mud was 
bailed from the well following this treat- 
ment, production from the well was not 
increased. After a few weeks’ further 
production, the rods and tubing were 
pulled and 21%4-in. cement-lined tubing 
was run with a packer set a few feet 
above the perforations. 


@ Water treatment. By far the most 
logical supply of water for injection is 
the waste water that is produced from 
the Richfield oil field itself. Water from 
the Chapman zone is much fresher than 
that produced from the Kraemer. Typical 
analyses of these two waters (Table 1) 
show that the salt content of the Kraemer 
water is about four times as great as 
that of the Chapman water. Since the 
production from both zones is treated in 
acommon dehydration plant on each 
lease, it is not feasible to separate the 
waters and therefore all the water is 
collected into a common disposal system. 

Preliminary tests indicated that core 
samples from the Chapman zone were 
plugged by either the untreated water or 
a water that had been thoroughly filter- 





TABLE 1. 


Typi 
ypical analyses, per cent. 

















Radical Chap- | Kraemer | Com- 
man | posite* 
Sodium.............| 1,978 | 8,113 | 3,963 
Caleium............. 68 204 162 
Magnesium. ......... 28 148 46 
Sulphate............ 35 18 26 
Chloride ere ee 2,766 13,040 6,276 
Carbonate........... 0 216 
Bicarbonate... ...... 1,089 0 409 
Re ak a 64 
Tron and aluminum as 
| Saree 12 3 
Total solids.......... | 6,050 21,729 | 10,885 
ae 8 8. 





8 
| 


*The composite sample contained 37 p.p.m. oil and 
8 p.p.m. of finely suspended solids. 


———— 





















ed. The water was found to contain a 
great deal of flocculable material, but 
even after flocculation with alum it still 
exhibited a large demand for oxygen. 
Subsequent tests have shown that thor- 
ough oxidation of the water is hecessary 
in order to prevent plugging of the core 
samples. Although the use of fresh water 
might render unnecessary the complex 
treatment required for the waste water, 
experience with California oil sands in- 
dicates that fresh water often has a de- 
leterious effect on the sand permeability. 

Consequently, a small pilot plant was 
erected for the purpose of developing an 
adequate treatment for the waste water. 
As a result of experimentation with this 
plant, it was concluded that the produc- 


FIG. 2. Core analysis log of injection Well A. 
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tion of a satisfactory water required the 
following steps: 

1. Primary flocculation with alum to i| 
remove the bulk of the suspended mat- 
ter, which, in itself, had a high oxygen 
demand. 

2. Oxidation of soluble organic ma- 
terial to a form that can be flocculated. 

3. Secondary flocculation with alum. 

4. Filtration. 

In consideration of the economics of 
water treatment and the uncertainties 
involved in an experimental project of 
this nature, a plant was constructed to 
treat a maximum of 1000 bbl. of water 
per day, using the process outlined. Al- 
though the central waste-water disposal 
facilities are about 2/3 mile from the 
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injection well, it was found desirable to 
treat the water at that place rather than 
at the well, since this procedure would 
facilitate the removal of sludge and waste 
material and would minimize the danger 
of damage to the orange trees that sur- 
round the injection well. 

In ucsigning the plant, advantage was 
taken of the topography to provide for 
gravity flow, as far as this was possible, 
and an effort was made to make the 
process automatic. As shown in the flow 
diagram, Fig. 3, water flows by gravity 
from the efflux of the skimming pond 
of the central waste-water system to a 
raw-storage basin, from whichit is pump- 
ed by a centrifugal pump into the pri- 
mary flocculator. Alum is proportioned 
into the flow stream just before it enters 
the flocculator, in which a uniform floc 
is formed as the water rises through a 
central compartment under gentle agita- 
tion. The stream then passes over the rim 
of this cylinder and down through the 
annulus between it and a cylindrical 
shield under which the water passes into 
the main settling space of the floccu- 
lator. This primary flocculator is small 
in relation to the amount of fluid it must 
handle, for it is designed only to elimi- 
nate the bulk of the suspended matter. 
Sludge is drawn from the bottom of the 
flocculator manually once each 24 hr. 
It is found to contain, as might be ex- 
pected, a considerable amount of oil and 
finely divided sediments. 

Water discharges from the top of the 
flocculator settling chamber directly into 
a trough, in which the water is forced 
to pass between closely spaced carbon 
electrodes. Direct current supplied by a 
d-c. generator at 4 to 6 volts produces 
chlorine and derivative substances from 
the chloride ions already present in the 
water. The chlorinated water emerges 
from the electrolytic cell into a storage 
tank, from which it flows as required to 
the final flocculator. Float controls on 
this tank shut off the raw-water feed 
pump, the primary flocculator, and the 
chlorinator when the tank is full, and 
start the process when the level falls. 

Flow by gravity from the storage tank 
containing semitreated fluid to the sec- 
ondary flocculator is controlled by a float 
in a narrow (8 deg.) V-notch weir box. 
The float operates a standard lever valve 
on the pipe at the entrance to the weir 
box. Alum is added to the water at this 
point and the mixture passes directly into 
the inner chamber of the flocculator. 
Flow through this unit is similar to that 
through the primary flocculator. Provi- 
sion has been made for adding other 
chemicals to neutralize the chlorine and 
improve the flocculation, but the use of 
these is not deemed necessary at present. 

From the top of the secondary floccu- 
lator, the water enters the filter, moving 
downward through a sand bed and out 
the bottom into the basin for storing clear 
water. A lever valve on the filter outlet, 
operated by a float in the filter, assures 
a positive head of water over the sand 
bed at all times. When the filter plugs, 
the rising of a second float operates an 
electrical timing switch, which, at pre- 
determined intervals of time, causes: 

1. The closing of an electrically op- 
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L1G. 3. Flow diagram of treating plant for experimental water-‘ood. 
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erated valve on the filter outlet to the 
clear-water storage. 

* 2. The starting of the back-wash 
pump. 

3. The stopping of the back-wash 
pump. 

4. The opening of an electrically op- 
erated valve from the filter outlet to the 
sludge sump. 

5. The closing of the valve to the 
sludge sump and the opening of the 
valve to the clear-water well. 

At the time the plant was designed, it 
was thought that back-washing would be 
required as often as every other day 
However, at the slow rate at which the 
water is being treated at present (about 
15 per cent of the designed capacity), 
back-washing is required only about 
once every 20 days. 

Water from the clear-water storage 
basin is pumped through 3500 ft. of 3-in. 


transite line to the suction of a triplex 
pump at the injection well. A constant 
pressure on this line is maintained by a 
back-pressure regulator, which returns 
excess water to the clear well. The in- 
jection rate is controlled by means of 
another back-pressure regulator, which 
by-passes water from the discharge into 
the inlet line to the triplex pump. Both 
an orifice and a volumetric meter meas- 
ure the water injected, in order to, pro- 
vide means of checking the injectivity 
characteristics of the well. 

As the system is designed to operate 
unattended, a low-pressure cutout stops 
the gas engine that drives the triplex if 
the suction pressure falls. Float switches 
on the semi-treated storage, filter, an 
clear-water storage operate an alarm 
system designed to attract the field op- 
erator if the plant fails to operate prop- 
erly. The warning devices are so set that 
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Putting on a new rotary line isn’t the easiest job in the world, nor the 
fastest. Rerigging is costly. 

You’ll have fewer rerigging jobs if you install Purple Strand rope in the 
Form-Set construction. Speeds and stresses are high—but a Form-Set 
(preformed) line is one that’s been conditioned at the rope mill for this sort 
of duty. Gone is the tenseness that sometimes causes early breaks in wires 
and strands. 

Because of its suppleness, its flexibility, Purple Strand Form-Set spools 
easily on the drum; does not “‘fight’”’ the sharp bends on crown and traveling 
blocks. It’s a relaxed wire rope; and like a relaxed athlete, it has more staying 
power. 








Extra days of rope life mean extra drilling, less rerigging, less expense. 
For a rotary line with stamina, toughness, strength, specify Purple Strand 
Form-Set. It’s Bethlehem’s best. 


BETHLEHE)y When you think WIRE ROPE 
STEEL ... think BETHLEHEM 
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the field operator will have ample time 
to respond, even though he is not in the 
immediate vicinity of the plant. 

Since the water-treating operation is 
of an experimental nature, a consider- 
able number of tests have been made on 
the plant performance and the quality 
of the water produced. While the results 
of many of these tests are as yet incon- 
clusive, certain interesting phenomena 
have been observed. For instance, al- 
though the available data show that water 
leaving the chlorinator is completely 
sterilized, micro-organisms reinhabit it 
so rapidly that the bacteria count of the 
injected water is many times that of the 
raw water. Although these can be read- 
ily detected in the laboratory and. 
fact, will plug a sintered glass disk, there 
is no definite evidence that they have 
caused any appreciable plugging of the 
formation or well bore. 


@ Water-injection operations. After 
completion of the water-treating plant 
and a period of experimentation, water 
injection was started on March 20, 1944. 
\verage data on water-injection rates 
and pressures since that time are shown 
in Fig. 4, from which it can be seen that 
the injection rate showed a marked ten- 
dency to decline during April and May. 
However, the rate has remained rela- 
tively constant since June, except for 
the increase in August resulting from an 
increase in injection pressure from 610 
tv 790 lb. per sq. in. Injection rates dur- 
ing May and June were somewhat irreg- 
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ular, owing to difficulties encountered in 
the operation of the triplex pump. 
Because it was difficult to predict the 
pressure required for injection, it was 
considered desirable to install a pump 
that could be used elsewhere in produc- 
tion operations if it were not needed for 
this project. For this reason a Kobe tri- 
plex pump was chosen. Since the pump 
was to handle brine, it was felt that ex- 
ternal lubrication might be necessary to 
prevent scoring of the close-fitting plung- 
er and liner assembly. In actual opera- 
tion it was found that adequate lubrica- 
tion could not be obtained without con- 
tamination of the injected water. This 
difficulty was overcome by the use of 
chevron-type packing around the plunger 
in conjunction with gravity-feed lubrica- 
tion. Since these changes have been 





TABLE 2. 


Suzamary of water-injection 


operations. 
Well A Well B 
| 
| Aver- | Production, 
Date Water! age bbl. Water 
injec- | pres- | cut, 


tion, | sure, | | per 
bbl. jb. per} Oil |Water! cent 
| | 


Sq. In. 

1944 | | 
March....... 132 | Vac. 226 28 | 11.0 
Peer 4607 | 296 210; 30 | 12.5 
pee 3162 | 431 333 38 | 10.2 
eee 3164 | 667 758 | 207 | 21.5 
BW 55:5. 5:5.5.00 3170 | 607 | 945 | 532 | 36.0 
August........ 3840 | 792 927 | 957 | 50.8 
September.....| 3909 | 812 














774 | 1360 | 63.7 





made, the performance of the pump hag 
been entirely satisfactory. 

At the present time, only well B, shown 
on the section in Fig. 1, has been affected 
by water injection. The production his. 


tory of this well is shown in Fig. 4, Oil 


production from well B began to rise 
about the middle of May and has jp. 
creased from approximately 7 bbl. per 
day to 30 bbl. per day. While the cut has 
been rising quite rapidly, the well has 
produced almost 3000 bbl. of oil in addi. 
tion to that which normally would haye 
been produced. Statistics on the water 
injected into well A and the production 
from well B are shown by months in 
Table 2. 
@ Conclusion. While it cannot be stat. 
ed positively at this time that water-flood. 
ing will be economically successful in 
the Chapman zone at Richfield, it has 
demonstrated that water can be injected 
into the zone on a sustained basis and 
that this water will displace appreciable 
quantities of oil from the sand. 
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The Nation’s Reserves of Natural Gas* : 


Ads a nation, we are becoming increas- 
ingly conscious of the great importance 
of our natural gas reserve. We have long 
recognized natural gas as the most con- 
venient and economical of fuels but we 
now appear to be on the threshold of 
prizing it as an important raw material 
from which much of the motor fuel of the 
future will be made. It now appears that 
the time will not be far distant when 
10,000 cu. ft. of gas may be regarded as 
a potential barrel of gasoline. Gentle- 
men, I submit to you that the conserva- 
tion of gas is a matter requiring your 
immediate and serious attention and that 
the time when more than a billion feet 
of gas daily can be wasted is past. 

My firm has just completed, as of the 
first of this year, a survey of the oil and 
gas fields of the nation with particular 
reference to gas reserves. We find that 
the United States has a proved gas re- 
serve in excess of 140 trillion cu. ft. Of 
this quantity, 9 per cent is solution gas 
and the remainder is gas cap and free 
gas. This estimate is only for those fields 
that contain 20 or more billion cu. ft. 
The reserves have been calculated on a 
pressure base of 16.4 lb. per sq. in. and 
60°F. temperature. 

Of the estimated reserves, 5 trillion 
cu. ft. are located in the area designated 
by the Petroleum Administration for 
War as District No. 1, about 17 trillion 
are in District No. 2, just short of 104 
trillion in District No. 3, over 2 trillion 
in District No. 4, and approximately 13 
trillion in District No. 5. The state of 
Texas possesses reserves in excess of 82 
trillion cu. ft. 

Total production of natural gas dur- 
ing 1944, including gas flared or wasted, 
is estimated at 4 trillion cu. ft. Thus the 
presently proved reserves are equivalent 
to thirty-five times the estimated 1944 
withdrawals. This ratio in itself means 
little but it is almost twice as good as 
the corresponding oil reserves—yearly 
oil consumption ratio. Estimates of nat- 
ural resources m terms of cubic feet, 
tons, or barrels, translated into years’ 
supply, merely serve as yardsticks for 
judgment and my judgment is that the 
proved reserves of gas are satisfactory 
enough to allow their being freely pro- 
duced but only under best conservation 
practice. The future—both as to supply 
and demand—is the important factor in 
viewing a problem such as this. 

Our minerals are a source of wealth 
only when they are exploited and made 
available to the country in a usable form. 
For the well-being of our nation, there- 
fore, these gas reserves.must not be pro- 
duced at more than optimum rates, mar- 
kets must be served, and a search for 
additional gas reserves to replace the 
withdrawals must be made. 


*Presented before The Interstate Oil Compact 
Commission, Oklahoma City, June, 1946. 
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By E. DeGOLYER, DeGolyer and MacNaug 


Nature’s storehouses do not give up 
their treasures easily. Work and ingenu- 
ity, plus the good old American “know- 
how,” are essential. More important, 
however, the spark to start must be there 


—and that spark is profit. Due primarily _ 


and almost wholly to individual profit in- 
centive, the world’s known natural 
wealth is today many times that of 50, 


- 20, and, yes, even 10 years ago. 


This incentive is what the producer 
lacks today. Very few wildcat wells are 
drilled for the purpose of finding addi- 
tional gas reserves. The reason is ob- 
vious. In most areas, additional gas re- 
serves, and I refer particularly to the 
Mid-Continent and southern regions, 
would further glut the market. Present 
gas reserves in some areas are looked 
upon as frozen assets—or should I say 
liabilities? If a market for newly dis- 
covered gas is available, it is usually 
limited and the pay-out timé on money 
invested makes the project commercial- 
ly unattractive. 

An outstanding illustration of such a 

kettle of fish is the discovery well of 
what is now one of the major gas re- 
serves in the Gulf Coast area. Here a 
company completed a good gas well in 
the center of a large block of acreage 
but because gas alone was not consider- 
ed attractive enough commercially the 
acreage was relinquished for a very small 
override. 
@ Types of reservoirs. It is only be- 
cause oil and gas have a common history 
that the nation’s proved gas reserves are 
so tremendous today. Oil and gas are 
intimately related. They are produced 
from the same sources, are accumulated 
by similar agencies, and include in their 
chemical composition many of the same 
components. They are found in the same 
type of reservoirs. As a general rule, 
these are of three types: (a) Reservoirs 
in which the only contained hydrocarbon 
under subsurface pressure and tempera- 
ture is oil; (b) pools in which the hydro- 
carbon content is wholly in the gaseous 
phase; and (c) pools containing, the 
combination of these two, that is, a gas 
cap underlain by oil. 

Oil in its original undisturbed state 
always contains gas in solution. This is 
known as dissolved gas. The factors de- 
termining the amount of solution gas in 
a barrel of reservoir oil are the tempera- 
ture and pressure conditions within the 
pool and the characteristics of the par- 
ticular oil and, perhaps, other obscure 
controls having to do with geneses but 
which we do not understand today. Rare- 
ly, the amount of gas in solution may be 
as low as 20 cu. ft. per bbl. but it gen- 
erally amounts to 300 to 1000 cu. ft. Thus 
fields in which the underground horizons 
contain only oil are also productive of 
gas. An outstanding example of such a 
gas reserve is the East Texas oil field. 


P 502. 


Straight gas reservoirs need no 
planation here. Examples of such 
are Rio Vista in California, Monroe jp 
Louisiana, and the Hugoton field @ 
Kansas, Oklahoma, and Texas. 5 

The third type of field, a gas cap up 
derlain by oil, is common. The gas re. 
serves of such reservoirs are the sum of 
the gas cap plus the gas dissolved in the 
oil. Old Ocean in Texas, Cotton Valley in 
Louisiana, Eunice in New Mexico, and 
Kettleman Hills, California, are typical. 

In the search for oil that enjoys a 
ready market, often gas is found to the 
wildcatter’s sorrow. In spite of this “by. 
chance” method of gas discovery, the 


_ proved gas reserves of today require 


practically astronomical figures to de 
tail, not to mention the possibilities of 
additional reserves which may be found 
if the search is intensified, or if even the 
gas pools found are drilled up sufficient. 
ly to determine the outside productive 
limits. This line of thinking brings up a 
consideration of possibilities and proba. 
bilities of finding additional gas reserves, 


@ History. The history of the oil and 
gas industry is replete with the wonders 
performed in drilling deeper into the 
earth in the search for hydrocarbons. It 
is a story which relates the achievements 
resulting from increased knowledge, im- 
provement in materials, technique, and 
geological and engineering practices. It 
is common knowledge that deeper drill- 
ing has resulted in finding the natural 
hydrocarbons increasingly in the gase- 
ous phase and it is only reasonable to 
expect that this trend will continue and 
that, with increasing depth, the propor- 
tion of gas discovered to that of oil will 
be increasingly greater. Further, as more 
wells are carried to greater depths, high- 
er reservoir pressures will be encounter- 
ed. If only oil is present within these 
pools, it is likely to be charged with gas 
to a greater degree per unit volume than 
the oil contained in shallower reservoirs. 
If only gas is present, it also will be un- 
der higher pressure and the porous 
strata, per unit volume, at least, will 
contain more gas. To illustrate, a unit 
volume of pay zone under normal con- 
ditions at 10,000 ft. contains 1.76 times 
the amount of gas contained in a similar 
unit volume of zone at a depth of 5000 ft. 
With the above knowledge at hand and 
with the search for oil in the Uni 
States at an all-time high and expected 
to increase both in area and in dep 
as the material and manpower become 
available, there can be no reason 
doubt left in the minds of intelligent men 
that additional gas reserves will be found 
in quantities that are more than sufficient 
to our present needs. ki 


@ Markets. This brings us to our next 
points: Markets and expansion of mil 
kets. Those long in the oil industry 
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All the works-—two discs and 
two wedges—four parts—the entire 
working part assembly of a Darling 
Double Disc Gate Valve. The szats are 
parallel. The discs are fuily revolving, 
seating in a different position each 
time the valve is operated. This means 
tighter seating, less wear, longer 
operation, and lower maintenance 
costs with Darling Gate Valves. All 
four working parts are uniform and 
positive in action. They are simply 
designed, with no pockets to collect 
sediment or prevent free and easy 





movement. Any part can be replaced 
quickly and inexpensively without re- 
moving the valve from the line. They 
cannot be incorrectly assembled or 
become disengaged while in service. 
It’s an assembly that will more than 
pay its way in your plant. 


At your service are the engineers of 
the Darling Valve & Manufacturing 
Company. They can solve your valve 
problems without cost or obligation 
to you. Wire or write, setting appoint- 
ment at your convenience. 


Darling offers you a quality line of longer-lasting Gate Valves. They come in 
Fully Revolving Double Disc Parallel Seat, also in Taper Seat — Slotted and Solid 
Wedge types. In service pressures up to 3000 pounds, you can get Darling Gate 
Valves in Cast Iron, Bronze, Forged Steel, Cast Steel, and Corrosion Resistant 
Alloys. Darling also manufactures Compression Type Fire Hydrants, Check Valves, 


VALVE & MANUFACTURING CO. 


WILLIAMSPORT, PA. 
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Motor and Cylinder Operated Valves, and many accessories. 
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remember that there have been recur- 
rent alarms that our oil resources would 
bh. exhausted soon. Conservation is now 
being invoked for what seems to me to 
be ulterior motives. Ears willing to listen 
ate being filled with the story that the 
reserves of gas are not sufficient to justi- 
fy the construction of new transmission 
lines or expansion of present facilities. 
Nothing is further from the truth. Gas 
reserves are at an all-time high. Addi- 
tional gas to bolster the presently proved 
reserves are not problematical nor prob- 
able. They will be actualities if the will 

let us say the spark or, better still, the 
profit incentive—to open new gas pools 
can be quickened. As I said before, the 
gas producer lacks a ready outlet for 
his production. There are lines supply- 


ing local and distant markets but the 
small and large independents and the 
small and large major oil companies 
have not, on general averages, been able 
to market their gas quickly enough to 
risk capital in the search for only gas. 
What is the basic reason for such a 
stagnate condition in an industry con- 
cerned wholly with a natural resource 
which is admittedly an ideal fuel? Can 
it be the manner of regulation of the 
transportation of this best of fuels which 
has again and again demonstrated such 
superiority over other fuels that its 
adoption usually depends simply upon 
the question of obtaining a supply? 
Transportation of all commodities 
across state lines, including oil carried 
by pipe lines, comes under the jurisdic- 














| for DETERMINING 


—O ER 
RATES UNDE 
a 1G PRESSURE Hist 


ture i 
‘ ee highly vola- 


uring spe’ 








Ot RE 
tile WyroMaTiC TEME ATU 
COMPE 
woe ncted pode temperature con- 

esi 


sitiONTINUOUSLY 








SAMPLE 


shown with mini 








square i 
liquids. 


i nute 
leakoge © responsive. '0 mi 
on} ific gro -_ 
speci - 
changes, i" SPPING AND RECOM, | ——_ 
IN pES—eEither ty poe % 
4 a +. temperature poe owls 
h qutomatic = 
wit n also be ™ prs 


FLOWING 
i ific grav" 
Changes ~ Lg 





























OU 
a Pp ; 
t for very viscous 


R 

JOINTS ° 

$ MOVIN Eg —Friction ond 
STUFFINY, inated. Instrume 


ach, excep 





















































aig 























~ 
SEND FOR COMPLETE LIST OF ARCCO CHARTS 





tion and regulation of the Intersta, 
Commerce Commission. No, I am wr 
in the foregoing statement. I said gj) 
commodities but I should have exempted 
natural gas. Why? I do not know but jt 
is ridiculous that this prime fuel should 
be singled out for special treatment o 
consideration, as has been done. Hoy. 
ever ridiculous, it is not the whole story 
of the manner in which the natural gas 
industry has been mauled around, Ob. 
structionist activities have continued yp. 
abated to the end that regulations are 
now being contemplated that would 
control the end use to which gas could 
be put. This despite the fact that in the 
Tennessee case in 1943, as well as in an 
official report to Congress in Jan 
1944, the regulatory body, to which al] 
interstate natural gas transporters must 
look, disclaimed any authority to restriet 
or delimit the end uses to which natural 
gas could be put. 

However, in the face of this I find in 
a letter written by the chairman of the 
Federal Power Commission to the chair. 
man of this Interstate Oil Compact Com. 
mission the following paragraphs: 

“The immediate occasion for the in- 
stitution by the commission of its in- 
vestigation is that, in proceedings re 
lating to the issuance of certificates of 
public convenience and necessity for 
natural gas pipe lines, intervenors, in- 
cluding representatives of certain gas 
producing states, have contended that 
the commission is authorized and, un- 
der the provisions of the Natural Gas 
Act, should promote the conservation 
of natural gas by limiting or prohibit- 
ing its transportation and sale for cer- 
tain so-called inferior end uses, such 
as boiler fuel. It has also been urged 
that the commission should deny cer- 
tificates to take natural gas from states 
desiring to retain or utilize such gas 
within their own borders. With equal 
earnestness others insist that no re- 
strictions should be placed upon the 
interstate transmission and sale of nat- 
ural gas. 

“In dealing with these conflicting con- 
tentions in individual cases it has be- 
come clear that the commission does 
not have sufficient information to for- 
mulate a definitive policy on its own 
part or to submit clear-cut recom- 
mendations to the Congress...” 

@ Regulation. Let us do away with this 
rigmarole. Let the distribution of nat- 
ural gas within the individual states be 
a public utility but under the supervi- 
sion of the proper state regulatory body 
as the consensus of unbiased, common- 
sense thinking dictates. Let the regula- 
tion of transportation of natural gas 
across state lines from the producing 
areas to the markets be treated with the 
same respect and consideration as is ac 
corded other interstate traffic of natural 
resources. Finally, let us see that the reg: 
ulations for the production of natura 
gas within the individual states are 
placed as contemplated by the Constitu- 
tion of the United States; that is, under 
the absolute jurisdiction of proper reg* 
latory agencies of individual states. _ 
The jurisdiction of federal agencies 
having to do with the interstate trans- 
portation of gas, or any other natura 
resource, should be precisely defined. 
In my opinion, no federal agency should 
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LON a 
Export YyocleC WELDED-IN BLADE BIT 


It’s the newest, most practical drag bit on the 3-blade types, 5-in. to 25-in. sizes. Immedi- 
market. Blades replaced in field, without ate delivery, U. S. and Export. All you do is 
jigs, gauges or fixtures. Exlusive Hunt fea- place blade in bit head and weld. Full details 
ture prevents error. Made in 2-blade and and prices sent upon request. 

















HUNT TOOL COMPANY 


FIELD SHOPS: Houston, Bay City, Corpus Christi, Jennings, Harvey 
EXPORT: Hunt Export Company, 19 Rector St., N. Y. C. 
Adva. Pte. R. Saenz Pena 832, Buenos Aires, Argentina 


A BUSINESS BUILT ON POCL SERVICE 




















attempt to accomplish indirectly that 
which they cannot do directly. 

The natural gas industry is made up 
of three distinct phases: Production, 
transportation, and distribution. At pres- 
ent, because gas is transported across 
state lines, the Federal Power Commis- 
sion could reach forward to regulate dis- 
tribution and backward to control the 
production of gas prior to its delivery to 
in interstate carrier. This is presuming 
that the Federal Power Commission 
wished to stoop to control indirectly that 
which it could not control directly. 

Not only this, but I find that in the 
establishment of some rates for gas sales 
no provision has been made to enable 


certain integrated gas companies to in- 


crease reserves or pay lease rentals on 
proved non-producing or wildcat acre- 
age. 

Rather than obstruct or aid in the ob- 
struction of the expansion of gas mar- 
kets, supply, and the finding and devel- 
oping of additional supplies of natural 
gas, all Federal agencies and all the 
state regulatory bodies should aid the 
natural gas producers to get all avail- 
able natural gas into pipe lines so as 
to increase the natural wealth of the 
individual states and the nation. 

@ Price great conserver. May I sug- 
gest, at this point, at the risk of having 
to repeat myself later on, that adequate 
price is the greatest conserving agent in 
the world. I am not unmindful of the 
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In addition to thoroughly recondition- 





THE SHALE 
SEPARATOR 


ing your drilling mud, the Thompson 


also provides accurate foot by foot 
samples of cuttings. The entire ma- 
chine operates from flow of mud. 
IMPORTANT — Remember, Thompson 
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pioneered the self-motivated Shale 


Separator. Its outstanding perform- 


ance is due to years of development. 
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IOWA PARK TEXAS 
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fact that gas is being used—much gas js 
being used for the so-called inferior uses, 
I do not view this with complacency. But 
I submit that there is no problem of end 


use or of conservation—and I apologize 


to you gentlemen of the state regulatory 
bodies in advance—which will not be 
solved—and better solved than can be 
done by the best of regulations—if the 
producer can have adequate markets and 
a decent price. First things first; let’s 
don’t worry about end use as long as we 
burn a billion feet a day in the flares. 
The natural gas industry is a com. 
parative newcomer to the business world 
and its possibilities of expansion in do. 
mestic, industrial, and chemical fields 
are sources of never-ending wonder. In. 
creasing amounts of gas are being trans. 
ported annually from the producing 


-fields to the consumers. Because of the 


rapid growth in the pipe line take, we 
continually hear that, if the use of nat- 
ural gas is not restricted, the increasing. 
ly greater annual consumption will soon 
exhaust the gas resources of our nation. 
Again I say nothing is further from the 
truth. 

To make this clear, consider the Pan- 
handle field, which is one of the largest, 
if not the largest, single gas reserve 
known to the world today. During 1934, 
pipe lines took approximately 165 bil- 
lion cu. ft. of gas from this field. In 1944, 
the pipe line take was a trifle over 364 
billion cu. ft., which is an increase over 
the 10-year period of about 120 per cent. 
But this is not the whole story. While 
the pipe line take from the field was 
steadily increased, casinghead gasoline 
plants have reduced their take from ap- 
proximately 632 billion cu. ft. during 
1934 to 365 billion cu. ft. during 194, 
a reduction of 267 billion cu. ft. Gas 
blown to the air and wasted was reduced 
from 38 billion cu. ft. to about one billion 
cu. ft., and other gas used in the field was 
reduced from 24 billion to 16 billion 
cu. ft. Thus, over-all, the field in 1934 
produced 859 billion cu. ft. and only 746 
billion cu. ft. in 1944. In other words, 
the Panhandle field produced 113 bil- 
lion cu. ft. of gas less during 1944 than 
it produced during 1934. So much for 
the statistics of the Panhandle field. 

If this were only an isolated case, 
there the subject would end. But this is 
only one of the many fields in which gas 
waste has been curtailed. A few of the 
others are Old Ocean, Agua Dulce, 
Chapel Hill in Texas, Erath and Monroe 
in Louisiana, and not the least is the 
work accomplished in south Arkansas 
by direct cooperation between the pro- 
ducer and the state regulatory body. 
Here large quantities of the sourest of 
sour solution gas, as well as free gas, 
are now sweetened and then marketed 
so that the producer, royalty owner, and 
state are all receiving an additional rev- 
enue from what was once wasted. __ 

What has brought about such a reduc: 
tion in the waste of gas in the fields for 
which markets have been developed? 
One has only to look half-closely to see 
the light—Economics! Pipe lines t 
marketing centers have been constructed 
and the producer of gas, when he has 4 
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Orr many years, hundreds 
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Industrial Expansion 


Will Call For 


MORE WATER 


And low cost per Million gallons is going 
to be a mighty important factor. That brings 
Layne Well Water Systems and Layne Ver- 
tical Turbine Pumps squerely into the picture. 
Layne Water Producing equipment has 
always been highest in efficiency, conse- 
quently lowest in cost to operate. 

In the first place, Layne is the World's 
largest builder of Well Water Systems— 
and makers of the finest quality Vertical 
Turbine Pumps. For years Layne has op- 
erated in almost every part of the world, 
thus gaining experience and knowledge of 
unmistakable value. Layne bullt more Well 
Water Systems for World War II industries, 
camps, and air fields than any ten com- 
petitive firms combined. 

If you are looking toward economy in your 
industrial water system, Layne has many 
basic facts to present—facts that may save 
you mepy hundred dollars annually. Write, 
wire ar phone for further details. LAYNE & 
BOWLER, INC., General Offices, Memphis 


8, Tennessee. 


LAYNE PUMPS —fuisiut 


- every need for producing large 
quantities of water at low cost 
from wells, streams, mines or 
reservoirs. Send for literature. 


AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart, Ark. * La ic ° rfolk, 
Va. * his, Fenn. * 


e- 

- * Louisiana 
° Layne-New York Co., 
New York City * Layne-Northwest Co., Mil- 
waukee, Wis. * Layne-Ohio Co., Columbus, Ohio 
* Layne-Texas Co., Houston, Texas * Layne- 
Western Co., Kansas City, Mo. * Layne-Western 
Co. of Minnesota, Minneapolis, Minn. * Interna- 
tional Water Sr oy! -». London, Ontario, 
Canada * Layne-Hispano Americana, S. As, 
Mexico, . F. 


Well Co., Monroe, 
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market, can plainly see that it will pay 
him to conserve rather than waste gas. 


@ Faulty conservation. But solution 
gas in most areas is another matter. Nat- 
ural gas is contained in oil within the 
reservoir and, as pressure is reduced 
either within the reservoir or as the oil 
is brought to the surface, the gas comes 
out of solution. The necessity for the 
proper control, conservation, and use of 
this solution gas—energy, if you will— 
in connection with oil production is sup- 
posed to be well known and understood. 
In spite of accepted knowledge, one 
finds that regulations of various states 
allow the producer of oil in many fields 
to produce incidentally as high as 2000 
cu. ft. of gas to one barrel of oil, without 
penalty. This even though the dissolved 
gas contained in a barrel of reservoir 
oil is only in rare cases as much as 1000 
cu. ft. and the general average is between 
500 and 600 cu. ft. This is not the worst 
misconception of conservation. The 
thought is still held by many, even those 


. supposed to be well versed in conserva- 


tion principles, that solution gas has ac- 
complished its full natural function when 
it has brought oil to the surface and that 
it is the producer’s prerogative then to 
blow it to the air. 

Two friends of mine have very de- 
scriptive names for such engineering. 
One calls it, “Big Hole Drillers En- 
gineering,’ and the other, “Jug Head 
Engineering,” and I agree. Solution gas 
does not lose its B.t.u. value in bringing 
oil from the bottom of the well to the 
surface. This potential energy should not 
be wasted. What should be done with 
this gas? If there is no commercial mar- 
ket, it should be put back into the 
ground, either for the purpose of aiding 
in the recovery of additional oil, or stor- 
ed for later utilization. 

The idea that it is not waste to burn 


_solution gas in oil field flares is fan- 


tastic. It is a tremendous waste of a nat- 
ural resource and to make this conten- 
tion stick, I refer you to page 48 of the 
May 7, 1945, issue of the Oil Weekly. 
It is detailed there that the gas vented 
from centralized plants in Texas totals 
more than 350 million cu. ft. per day. If 
this were all the gas wasted, it would 
not be so bad but this is only a portion 
of the waste. Further, I suspect—no, I 
know—that this sort of waste is prev- 
alent in many other states. 

Natural gas is a commodity which 
must be confined from the time of pro- 
duction to consumption. Field purchase 
price, fear of the oil producers being 
classed as a public utility because of his 
gas entering an interstate pipe line, and 
the manner in which gas pipe line com- 
panies conduct their business, are all 
cited as reasons for the volumes of gas 
dissipated incidentally to oil production. 
I believe none of this. What is required 
is markets for this waste gas, as well as 
markets for the tremendous volume of 
gas that properly could be produced 
from our present proved reserves. 

The pointing-with-pride to the vast 
reserves 6f.natural gas of certain states 
without the viewing-with-alarm of the 
wholesale burning of oil field gas in 


amounts considerably above the solution 
gas contained in each barrel of oil pro. 
duced, is downright absurd. 

Markets for this gas are required go 
that a demand will be created that wil] 
place a value on field gas sufficient to 
cover the cost of preparation and com. 
pression to make the gas suitable and 
available for pipe line transmission and 
give the operator a profit incentive to 
conserve gas. 

Adequate price will insure against 
waste. With adequate price, as I have 
said before and will say again, there 
will be no reason to worry about end 
use and superior and inferior end uses 
of gas. Furthermore, and I hope that 
this restatement of a proposition already 
stated will be in more pleasing form, 
adequate price will obviate much of the 
necessity for regulation. 

Throughout the whole scandalous his. 
tory of our waste of natural resources, 
we are too prone to point the finger of 
blame at the producer. This is just as 
true of the farmer who raped the soil, 
the lumberman who slashed the forests, 
and the miner who high-graded the ore, 
as it is true of the oil and gas producer 
who at times has burned in his flares an 
amount of gas having a greater B.tu. 
value than the oil which was saved. We, 
the people, as consumers must accept 
the blame for what has happened in the 
past. Price was the control. The farmer, 
the lumberman, the miner, or the oil 
man who handled his resources with 
anything but high-grading tactics could 
not meet competition in the field. If he 
did not high-grade, he was whipped 
usually before he started and if not, he 
was bankrupt before he got very far 
down the road. Why ask anyone to save 
a natural resource at a cost as great 
or greater than the low and inadequate 
value that the consumer puts upon it? 

One has only to look to California for 
an example of what can be accomplished 
in the conservation of natural gas by 
price. There, flares are past history. The 
reason? Gas in the fields commands 
prices that range from 6 to as high as 
12 cents per 1000 cu. ft. As a direct re- 
sult, it is estimated that less than one 
per cent of the total gas produced in 
California during 1944 was wasted. 

However, let us not be too academic 
in our consideration of conservation, the 
single stated object of this Interstate Oil 
Compact Commission. The greatest con- 
servation factor is not law and regula- 
tion. It is not even custom or habit of 
the industry. It is price. However un- 
palatable this may be commercially or 
politically, one must face it. I remember 
a story told me by Ralph Arnold when 
he was a committeeman for Los Angeles. 
Conservation at that time was very much 
in the public mind. Mr. Arnold had just 
called to discuss the matter with the 
late President Coolidge. 

“The greatest oil conserving factor 
in the world, Mr. President,” he said, 
“would be 50c gasoline.” 

“Yes,” replied ‘our President most 
noted for his brevity, knocking the ash 
from his cigar, “but I would hate to run 


on that platform!” 
xr 
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QUADRAFOS* offers special advan- 


tages in the conditioning of drilling mud. 
It enables you to maintain fluidity even 
with high concentrations of colloidal 
material. At the same time it helps to 
assure low water loss and moderate gel 
strength. QUADRAFOS dissolves easily 
in water and is particularly well adapted 
to field use. 


AEROFLO* meets the demand for a 


conditioning material for use in deep 
wells and under difficult conditions. It 


SAYS 














increases the efficiency of phosphates in 
salt cut muds, in muds that do not respond 
to regular chemical treatment, and where 
high temperatures cause rapid thicken- 
ing. AEROFLO is neutral in action, with- 
out pronounced acid of basic properties. 

BOTH QUADRAFOS and AEROFLO 
are manufactured by carefully controlled 
proportioning of raw materials and ex- 
acting thermal treatment to assure the 
utmost uniformity. They are backed by 
Cyanamid’s extensive research and tech- 
nical service facilities. 





ENERAL’ Mup 














For technical assistance and complete information write, phone or wire American 


TQUADRAFOS and [AERO- 
FLO are available for imme- 
diate delivery from stocks 
kept by many Drilling Mud 
Chemical Distributing Houses 
in all principal Oil Well Drill- 
ing Centers in the United States. 
* 

JAMERICAN CYANAMID & 
CHEMICAL CORPORATION 
(Manufacturer and Selling Agent) 
TRUMFORD CHEMICAL WORKS 
( Manufacturer ) 
+AMERICAN CYANAMID & 
CHEMICAL CORPORATION 
(Selling Agent ) 











Cyanamid & Chemical Corporation, 229 Shell Bldg., Houston, Texas, or Azusa, California. 





“hate-amst Reg. 
When Performance Counts... Call on Cyanamid 
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(A UNIT OF AMERICAN CYANAMID COMPANY) : © 
30 ROCKEFELLER PLAZA + NEW YORK 20, NEW YORK 
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Tue significance of reserve surveys is 
frequently misunderstood by persons not 
familiar with the premise on which a par- 
ticular reserve survey is based. For ex- 
ample, some surveys include proved and 
developed acreage; other surveys may 
include estimates of reserves for proved 
and developed acreage plus an estimate 
of reserves for the proved but undevel- 
oped acreage. When making compari- 
sons between surveys these several pos- 
sible premises should be kept in mind 
by those using such information. 

Estimates of reserves are the end point 
of geological and engineering data and 
should not be accepted blindly without 
a review of the methods by which the es- 
timates were obtained. To realize fully 
the benefits of reserve estimates, the ef- 
ficient rate of estimated future produc- 
tion should be given primary considera- 
tion since it is intimately related to the 
economics of oil and gas property opera- 
tion, and in a broad sense it is a part of 
the reserve picture. Regardless of wheth- 
er any conservation laws are in effect for 
any field, or whether the field is being 
produced without any restrictions, esti- 
mates of available rates of production 
for the future are necessary in making a 
complete survey of reserve estimates and 
their availability. In other words, estima- 
tion of reserves, in a broad sense, should 
include estimated rates of future produc- 
tion or availability by time periods such 
as years. Reserve estimates, instead of 
being considered as a side issue, should 
assume paramount importance and re- 
quire all the geological and engineering 
data possible for their creation. 

One of the frequent errors made by 
geologists and engineers is the confine- 
ment of detailed reserve estimates to 
properties owned by the companies mak- 
ing the survey, thus disregarding other 
properties in the field. Many times a 
false picture of an entire reservoir or 
field is obtained by using detailed esti- 
mates on a relatively small part of the 
reservoir as a criterion for the entire 
reservoir. Instead, the field as a whole 
should be studied before resolving it into 
smaller parts. By exchange of informa- 
tion it would be possible to examine the 
reservoir in its entirety and then esti- 
mate proportionate parts from data that 
were based on more accurate reservoir 
conditions and performance. By an ex- 
change of information we refer to factual 
data about a field which is more or less 
of public record, such as: Cumulative 
production, gas-oil ratios, water produc. 
tion, bottom-hole pressures, which are 





*Presented before American Association of 
Petroleum Geologists, Research Committee Con- 
ference, Dallas, Texas, March 21, 1944. Publish- 
ed in AAPG Bulletin, Vol. 28, No. 5, May, 1944. 
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Application of Reserve Estimates of Hydrocarbon 
Fluids (Crude Oil, Gas, and Condensate)* 


By D. V. CARTER, Magnolia Petroleum Company 


obtainable in the states operating under 
conservation laws; also, electrical logs, 
drillers’ logs, core analyses, p.v.t., and 
scientific data that may be exchanged 
at the option of the operator. 

Many of us have had personal expe- 
rience and can remember well when re- 
serve estimates were regarded as more 
or less unessential and only to be made 
under duress, for such purposes as law- 
suits, or in connection with federal de- 
pletion, and other tax work. Within the 
past decade there has been a growing 
tendency on the part of a few individual 
operators to maintain continuously a 
program that includes a study of reserve 
estimates. In some cases these studies 
include only properties owned by the 
operator making the study; in other 
cases the studies are more complete and 
include not only the property of the 
company making the study but principal 
ownerships and “others” as a group. 

In other words, reserve estimate stud- 
ies run the full gamut from small groups 
of individua] properties to all fields in 
several states distributed to various com- 
pany ownerships. In the latter cases it 
is possible to make analyses that will 
show the approximate annual change in 
reserve position of the operators to which 
the ownership distribution is made. It is 
likewise possible to obtain valuable sta- 
tistics showing the trends and reserve 
changes industry-wide, or by states, 
areas, and fields. Complete annual sur- 
veys make it possible to segregate new 
oil found by extensions as well as new 
oil found by discovery of new zones in 
old fields and also the outright new dis- 
coveries. Many other interesting conclu- 
sions can be drawn. For example, each 
year’s group of outright new field dis- 
coveries for any state or area may be 
graphed, for the purpose not only of 
showing the upward or downward trend 
in reserve discovery, but also for the 
purpose of showing the revisions for in- 
dividual areas resulting from added res- 
ervoir data and more complete field de- 
velopment. 


AALL of us are aware of the importance 
that refinery and chemical development 
have played in the utilization of all forms 
of crude hydrocarbons. Consequently, 
with this increased ability to utilize all 
forms of hydrocarbons, attention has rap- 
idly been focused upon the need for re- 
serve estimates of natural gas, for both 
the ordinary low-pressure type gas, and 


gas procured from high-pressure reser- 


voirs that yield retrograde type liquids. 
The retrograde type high-pressure reser- 
voirs ordinarily produce appreciable 
quantities of condensate. This type of 
reservoir is becoming more common. The 
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rate and value of production of gas and 
condensate from this type of reseryoj 
has assumed great importance. 

All this means that reserve estimate 
of all types of hydrocarbons will be mo: 
completely utilized, required, and nee 
ed after the war. In fact, a vast improve 
ment has been made in their utilizatic 
within the last 6 or 8 years. This utiliz 
tion has been accelerated by the need f 
certain specialized refined products sue 
as the 100-octane gasoline used in con 
nection with the war effort. Competiti 
economic pressure will make reserve eg 
timates for all types of hydrocarbons e 
sential. - 



















Miany geologists and some operators 
do not fully appreciate the applicatic 
of the manifold uses of reserve estimates 
for various types of crude hydrocarbons. 
All of us are familiar with the custom 
of being meticulous in taking physical 
inventory of tangible equipment and 
property in the field, which of course is 
required by the ad valorem taxing av- 
thorities who insist on this inventory. 
Likewise the accounting departments are 
extremely careful and take considerable 
pride in their accuracy in all forms of 
accounting. However, it would appear 
that not enough attention has been given 
to making and using hydrocarbon re- 
serve estimates generally throughout the 
oil and gas industry. We cannot forget 
that the whole objective of a producing 
organization in its exploration work is 
in the increasing of its reserve position 
or as a minimum—the maintenance of 
its reserve position as against its with- 
drawal. Increasing the efficiency of re- 
covery will help accomplish this end. All 
other operations are simply accessory to 
achieving the principal objective of find- 
ing and producing hydrocarbons, for Cc 
without adequate hydrocarbons, pipe- e 
lines, refineries, and marketing facilities 
are of no value. Therefore, it wou 

seem very logical that an annual inven- 






Av 


tory be taken to determine the status of 0 
progress made by an operator’s reserve v 
position. If desired, interesting analyses te 


and comparisons can be made in connec- 





tion with the amount of money expend ” 
for any year, in order that an operator ti 
can ascertain his competitive position st 
with respect to the industry. The longer - 
time that reserve estimates are made, the gE 


more possible it is to arrive at better 
average figures to increase their ac 
curacy concerning the cost of finding 
purchasing crude hydrocarbon reserves. 
Reserve estimates are valuable in con 
nection with analyzing the predominant 
type of producing reservoir that any oP 
erator may own. For example, if an op- 
erator is fortunate enough to have 
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Through use of 


OTIS 


Avoid the Property Damage, 
Expense, and Economic 


Waste of Wild Wells . . . 
Caused by Corrosion Failures 


Corrosion, the producer's No. 1 
enemy, can cause failure result- 
ing in uncontrolled flow and 
consequent property damage. 
OTIS Type FB and FJ Safety 
Valves provide positive pro- 
tection against this economic 
waste by automatically shut- 
ting off the well flow the in- 
stant a failure occurs. Check 
with your nearest OTIS Field 
Engineer for complete details, 


SAFETY VALVE 


A wild well—uncontrolled flow, caused by failure due to corrosion of tubing 
strings, christmas tree fittings, flow valves and lines, can be prevented through 
the use of an OTIS Type FJ or FB Safety Valve. 


Installed securely in the tubing, the OTIS Safety Valves aviomatically shut off 
the well in the event of failure of tubing above Safety Valve or surface connec- 
tions, due to corrosion or any other cause. A differential valve completely closes 
off flow whenever the pressure differential across the safety valve exceeds a 
predetermined amount. 


The Type FB Safety Valve is equipped with the standard OTIS Type B locking 
mechanism. Designed primarily for use in gas, condensate and high gas-oil ratio 
wells, it can be made to perform with equal efficiency in low-pressure wells. 
It can be set after the well is tubed at any depth where sub-surface conditions 
do not exceed 4000 p.s.i. or 180° temperature. 


The Type FJ Safety Valve is equipped with Type J Locking Mechanism which 
seats in a special Landing Nipple installed in the tubing at the time the well is 
tubed. This combination employs an asbestos-base, heat-resistant packing that 
forms a positive seal with the nipple against any sub-surface condition up to 
10,000 p.s.i. or 350° temperature. 


Both Safety Valves like all other OTIS tools can be run or pulled under 
pressure on an ordinary steel measuring line without removing the tubing. * 


OTIS PRESSURE CONTROL, INC. 


DALLAS, TEXAS 








his properties located in reservoirs sub- 
ject to active water drive, he can expect 
his estimated future rate of production 
to be of a sustained nature and quite 
likely he will be in the enviable position 
of having a greater percentage of his oil 
recovered under natural flow conditions 
than if his properties were concentrated 
in the gas cap or two-phase type of res- 
ervoir. The entire reserve picture has be- 
come more reliable because of those who 
follow the technological development of 
reservoir information. This includes ade- 
quate, periodic, and detailed surveys of 
reservoir behavior in order that the ac- 
curacy of reserve studies can be in- 
creased. Additional information thus de- 
rived often compels reserve revisions. 
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The development of new and better en- 
gineering and geological techniques are 
necessary for improving the correctness 
of reserve estimate studies. The geolo- 
gist, as well as the engineer, is in a po- 
sition to gain experience and to acquire 
and accumulate important basic data 
that are necessary in the making of re- 
liable and reasonable reserve estimates. 
Cooperation between the sciences of 
geology and engineering can greatly fa- 
cilitate the accuracy of estimating re- 
serves. Irrespective of the facts involved 
in a reserve estimate, there are still fac- 
tors existing that remain unknown; con- 
sequently, experience and judgment are 
highly important. 

The uses of reserve estimates within 
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WE ARE ON THE JOB 


BECAUSE, We specialize in service. 
BECAUSE, Our stocks are adequate. 
BECAUSE, Your business is appreciated. Our only job is 


to serve. 


COURTESY — SERVICE — DEPENDABILITY 


Contact our field stores: Kansas, Texas, Oklahoma, New Mexico and Louisiana 








an organization, as already indicated, ag 
many; some of the important uses g 
the following: 

1. To check whether or not the op 
erator is in a better or worse position 
than in the preceding fiscal year aftes 
having expended a definite sum of mone 
and after considering the withdrawals, — 

2. To analyze his reserve position 
relation to competitive operators. 

3. To analyze the reserves of various 
types of crude oils with respect to th 
standpoint of refinery efficiency and the 
market demands. 

4. Reserve estimates are extreme 
valuable, particularly so when used j 
conjunction with estimates of availabil 
ity for a company in its pipe line an 
refinery operations. The matter of decid 
ing the size of a pipe line and whethe 
or not it should be constructed at al 
depends primarily and from an. ec 
nomic standpoint on the amount of oil 


and the rate at which it can be recovered: 


and transported. 

5. Reserve estimates have several im- 
portant uses for an operator in both ad 
valorem tax and depletion determina- 
tion. 

6. Reserve estimates are valuable in 
connection with the geological and ex- 
ploration departments. These statistics 
can be used in determining the results 
to date for a stratigraphical zone or ge- 
ological province, either in a local area 
or in a wider sense, for a geological 
basin. They are a help in working out the 
future.probabilities in some cases based 
on history or the result of discoveries at 
a definite time; however, this approach 
should not be regarded as a final deter- 
mination of the potentialities of the area 
under study. 

7. Reserve estimates are invaluable 
from the standpoint of the production 
department’s and engineering depart- 
ment’s analysis of the efficiency of in- 
dividual lease operations in comparison 
with recovery obtained by offset prop- 
erties. They are necessary from the 
standpoint of estimating primary and 
secondary recoverable oil and whether or 
not certain producing properties are fit 
subjects for attempting secondary-re- 
covery operations and the method to be 
employed. ° 

8. Reserve estimates are necessary i 


connection with drainage between prop- 


erties. 

9. Reserve estimates are an impor- 
tant necessity in certain types of litiga- 
tion. 

10. In order for an operator to estab- 
lish and protect his share in a reservoir 
and therefore demand and receive his 
fair share of recovery in those states ac 
tively regulating the rate of withdrawals, 
it is essential for such operator to know 
and be able to prove his reserves. This 
is becoming more and more essential. 

Immediate results of a statistical re- 
serve program cannot be expected any 


quicker than those of any other explora’ 


tory program, inasmuch as it will re 
quire a preliminary period wherein It 18 
necessary to acquire basic information 
for an effective analysis. ee 
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SERVICE LOCATIONS 


WrreitliWkellicl- Mmcele) Mote) a-\, ) Ge ha) Alameda Street, Los Angeles 11, California 
Export Office: 30 Rockefeller Plaza, New York 20, N.Y. 


HOUSTON, TEXAS ODESSA, TEXAS NEW IBERIA, LA. SEMINOLE, OKLA. VENTURA, CALIF 

WICHITA FALLS, TEXAS TYLER, TEXAS SHREVEPORT, LA. LAUREL, MISSISSIPPI BAKERSFIELD, CALIF 

VICTORIA, TEXAS McALLEN, TEXAS HOUMA, LA. CASPER, WYO. AVENAL, CALIF. 

CORPUS CHRISTI, TEXAS ALICE. TEXAS LAKE CHARLES, LA LOS ANGELES. CALIF SACRAMENTO, CALIF 
GEO. WEST, TEXAS MAGNOLIA, ARK OKLAHOMA CITY, OKLA 
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Caleulation of Static Pressure Gradients 


in Gas Wells* 


By M. J. RZASA and D. L. KATZ, University of Michigan 


@ Introduction. Reservoir pressures 
have been calculated from wellhead 
pressures for gas wells for many years. 
As the pressure measurements become 
more accurate, the need for a reliable 
calculation of the static pressure gradi- 
ent often arises. This paper will develop 
the several methods for computing the 
pressure gradient in gas wells and make 
a comparison between them. 

The method of calculating static pres- 
sure gradients in common use is equa- 
tion (1) (ref. 1) or its counterpart, 
which includes a factor for the deviation 
of the gas from the ideal gas law. 

P,—P, = P,(e%-0000347GX__]) .., 
equation (1) in which 


P, = pressure at wellhead, lb. per 
sq. in. abs. 
P,, = pressure at bottom of well, lb. 


per sq. in. abs. 
G = gas gravity 
X = depth of well, ft. 

An alternate method is to compute the 
average density of the gas in the well and 
multiply by the well depth in a manner 
similar to that used for liquid gradients. 
@ Derivation of formulas. A static 
pressure gradient is a special case of the 
general fluid-flow equation. Consider a 
pound of fluid flowing in a vertical col- 
umn from point 1 to point 2, Fig. 1. By 
an energy balance for fluid flowing from 
i te 2: 


U+PVtg +X +4 
=U, +PV. +52 +X, +W. (2) 


in which 
U = internal energy, ft.-lb. per lb. 
P = pressure, lb. per sq. ft. 
V = volume, cu. ft. per lb. 
average linear velocity, ft. per 
sec. 
X = height above datum, ft. 
q = heat absorbed by fluid, ft.-lb. 
per lb. 
W= — done by system, ft.-lb. per 
An energy balance on the fluid itself 
gives: 
U = fTdS— fPdV+ ete. . . (3) 
in which 
T = temperature, °R. 
S = entropy, ft.-lb. per °R. per lb. 
etc. = increase in all forms of energy 
other than heat and compres- 
sion 
If friction losses are defined as W,, 
then 
sfTdS=Wr+q... (4) 
A combination of equations (2), (3), 
and (4) gives the general fluid-flow 
equation: 


u 





*Published in A.I.M.E. Petroleum Technology, 
March, 1945. 
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FIG. 1. DEPTH-PRESSURE GRADIENT IN GAS WELL. 
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TABLE 1. Example calculation for method 1. 
ZNRT 


fae @=X.-..... Se 


Given: Well A 
P, = 2600 lb. per sq. in. abs., 
Depth-temperature data, pT, = 385.6° R., 
X= 7500 ft., G = 0.744 


By approximate methods, or a series of trials on this method, the depth-pressure 
curve is obtained. 


pP,. = 663.8 lb. per sq. in., 
























































di Well Vell pres Well temm- ats 1% . ‘ 0.498ZT i 0.498ZT Area, Cum. 
P' ure, ’ rT r - gq. It. 
ft, X' | Ib. per PT oF oR, P P X eale. 
sq. in. abs. Av. 
0 2600 77 537 | 3.92 | 1.89} 0.701 | 0,0721 
1000 2691 110 570 | 4.05 | 1.48 | 0.765 | 0.0806 | 91 | 0.0764 | 1000 | 1000 
2000 2774 144 604 | 4.18 | 1.56 | 0.807 | 0.0874 | 83 | 0.0839 | 1002 | 2002 
3000 2852 159 619 | 4.30 | 1.61 | 0.829 | 0.0895 | 78 | 0.0887 996 | 2008 
4000 2929 174 634 | 4.41 | 1.64] 0.842 | 0.0908 | 77 | 0.0900 998 | 3096 
5000 3005 190 650 | 4.52 | 1.69 | 0.861 | 0.0926 | 76 | 0.0916 | 1002 | 4998 
6000 3079 206 666 | 4.64 1.73 | 0.880 | 0.0947 | 74 | 0.0936 998 | 5096 
7000 3152 221 681 | 4.75 | 1.77| 0.894 | 0.0961 | 73 | 0.0953 | 1000 | 6996 
7500 3188 228 688 | 4.80 | 1.79 | 0.901 | 0.0967 | 36 | 0.0963 500 | 7496 
N : 0.0463 R=10.73  NR=0.498 
(0.744) (29.0) we plies 
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ow Thousands of Gasket Improvements 


are being effected by Fel-Pro Developments in 
Thiokolized Gaskets 





For that New Design...or Re-Design! 
Investigate Today the 2 BIG ADVANTAGES 
resulting from Fel-Pro’s Pioneering Devel- 
opment and Production of Thiokolized and 
other specially treated Gasket Materials. 





Through Thiokolizing by specially developed Fel- 
Pro processes and other treatments of such gasket ma- 
terials as Felpak, Karropak, Fishpaper, Chipboard, Fibre, 
Cork and others ...a host of new, improved gaskets 
are being produced for thousands of America’s leading 
manufacturers. 


The resulting gaskets are often revolutionary in 
their performance characteristics as applied to specific 





product requirements. Most of these gaskets were devel- 
oped originally to meet a specific specification... the need 
of a car builder for a more durable, oil resisting gasket 
...the requirement of an electrical device maker for a 
similiar material with high insulating and sealing qualities 
... the need of an auto accessory maker for an oil resisting 
gasket with tremendously high tensile strength...etc.etc. 


Fel-Pro not only has the Know-How, resulting 
from years of experience, to provide the proper gasket 
for your requirements, (that’s advantage |) but also 
(advantage 2) the PRODUCTION KNOW-HOW to produce 
them ECONOMICALLY and to highest quality standards. 
Write Today for FREE PORTFOLIO OF LATEST SEAL- 
ING MATERIALS and further details of our NO 
CHARGE CONSULTATION SERVICES. 


with Sealing Materials, Gaskets, Packing, Sound and Vibration 
Dampeners, Washers, specially die-cut, treated and fabricated by 


FELT PRODUCTS MFG. CO., 1511 CARROLL AVE., CHICAGO, ILL. 
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READY TO SERVE YOU NOW 
(Attach this to your ae — 
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THIOKOLIZED FELPAK 


for the maker of a famous 
military vehicle 


THIOKOLIZED CHIPBOARD 


for leading car maker 


| KARROPAK THIOKOLIZED 


for leading engine builder 


THIOKOLIZED FIBRE 


for an electrical device manufacturer 


CLOTH INSERTED THIOKOL 


for a radio manufacturer 
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| (var + SY 4A X+WebW, 
£ . 


l- ete. . . S & & oe oe ee 
The limitations that may be placed on 
the general equation when considering a 
static or motionless column of fluid are: 

u = 0. No velocity. 
W, = 0. No work done. 
W, = 0. No friction loss. 
Ete. = 0. Energy other than heat and 
compression neglected. 
With these limitations, equation (5) re- 
duces to equation (6): 


(“var + AX=0.... (6) 





This equation gives the true pressure 
gradient as a function of the specific 
volume of the fluid throughout the well. 
If actual values of V were available 
throughout the well, the solution for P, 
would be found such that the area un- 
der the curve of V versus P from P, to 
P., would equal the depth of the well X. 
In the absence of experimental values 
for V, the gas law and compressibility 
factor may be used to compute the spe- 
cific volume. 


oh) | ana ¢ 


in which 
P = pressure, 
V = volume, 


Z = compressibility factor, 

N = number of mols per Ib., 

R = gas constant per mol, 

T = absolute temperature. 
Combining equations (6) and (7): 


( * ZNRT 
P 


1 

Method I. in equation (8), R is con- 
stant and N is constant if the gas gravity 
is uniform throughout the well, but Z, 
T, and P are variables. To solve the inte- 
gral, Z and T must be evaluated for 
each pressure. The solution for this 
method requires the desired pressure- 
gradient curve to evaluate Z and hence 


Mek. .... @ 





0.01874GX 
P,—P,=P,(e “7, ~6SEMr — 2) 


Given: Well A 
P, = 2600 lb. per sq. in. abs. 





G = 0.744 
X = 7500 ft. 
First Trial 
Assume 
P,, = 3100 lb. per sq. in. abs. 
: — 4.30 
663.8 


3100 — 2600 = 2600 (e 


Second Trial 


3182 —- 2600 = 2600 (e 


P, = 582 + 2600 





TABLE 2 
Example calculation for method II. 


Z,, = 0.820 
(0.01874) (0.744) (7500) 
(0.820) (612.5) 


500 ~ 2600 (0.2236) ~ 581 Ib. per sq. in. 


P, = 2891 
T, = 1.59 


Assume 
P,, = 3182 lb. per sq. in. abs. 
a= — oh 
663.8 
Z, = 0.821 


(0.01874) (0.744) (7500) 


(0.821) (612.5) 
582 = 2600(0.2239) = 582 Ib. per sq. in. 


~ == 3182 Ib. per sq. in. abs. calculated by method II. 
Measured pressure at 7500 ft. == 3193 lb. per sq. in. abs. 


(11) 


T, = 152.5°F. = 612.5° R. 
pP, = 663.8 lb. per sq. in. abs. 
pT, = 385.6° R. 


- 2850 
615 


Rissa - 156 
385.6 _- 


os ] ) — 2600 (e°-2080— 1) 


— 1) == 2600(e%.2°8°— 1) 








becomes a trial and error solution. Table 
1 presents the final solution after a se- 
ries of trials for the pressure gradient 
in a gas well using equation (8). 
The data for well A from Eilerts and 
Schellhardt* were used for ‘the meas- 
ured static pressure and temperature 
gradient. The composition of the well 
fluid was given, which permitted calcu- 
lation of its gravity G and the pseudo- 
critical temperature pT, and pressure 


3 

The well pressures at each depth in 
Table 1 were estimated by prior cal- 
culations. The proof that they are cor- 


rect lies in the calculation by equation 
(8) of the correct depth from the inte- 
gral that is the area under the curve of 
Fig. 2. 

Method I]. An equation may be de- 
rived that has the form of equation (1) 
if T and Z are assumed constant and 
may be removed from the integral: 


jae oe x Z.NRT,( * dP 
PP -P 





GRAV! 


F 
SEPARATOR GAS GRAVITY 


20 40 60 80 





FIG. 3. GRAVITY RATIO VERSUS STOCK-TANK 
YIELD OF CONDENSATE. 





PSEUDO CRITICAL PRES. 
ABS. 


LB. /SQ. IN. 


RANKINE 


DEGREES 


PSEUDO CRITICAL TEMPERATURE 


100 120 140 055 
BARRELS CONDENSATE PER MILLION STO. CU. FT. GAS 


FIG. 4. PSEUDOCRITICAL CONDITIONS AS 
FUNCTIONS OF GAS GRAVITY. 





———MISCELLANEOUS GASES @) 
@ SATURATED GASES (3) 
o CONDENSATE WELL EF 





0.60 0.65 0.70 0.75 


GAS GRAVITY CAIR = 1) 
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0.01874(P P/2 
TABLE 3 : ( oe ) Xxx 
Example calculation for method III. XG a 
XG XG AP =0.01874 P, Tac (13a) 
A\P ( — 0.00937 ) = 0.01874P, ee ae (13b) a“a 
i TaZe Ap =0.01874 £2%© 4 9.99937 APXC 
Given: Well A . Toke . BS ay 
P, = 2600 lb. per sq. in. abs. T, = 152.5°F, = 612.5°R. XG . 
G = 0.744  pP, = 663.8 Ib. per sq. in. abs. Ar(1 — 0.00937 TZ ) 
X = 7500 ft. pT, = 385.6°R. 4... 
First Trial = 0.01874 eer (13b) 
Assume P,, = 3100 lb. per sq. in. abs. T.Za 
P,, = 2850 lb. per sq. in. abs. This equation is relatively easy to solve 
2850 ? 617.5 and involves a trial and error for the 
P, = 6638 4.30 r 3956 1.59 compressibility factor Z,. However, the 
‘ 7. — 0.820 change in Z, with pressure at the usual 
. XC 7500) (0.744 well conditions is not large and a sec. 
= ( ) (0.744) =l11.11 - ond approximation is usually sufficient, 
T,Z, (612.5) (0.820) If P, T, and Z are straight-line func. 
/\P| 1 — (0.00937) (11.11) ] = (0.01874) (2600) (11.11) tions of depth, the equation is exact. If 
0.8959 oe = 541 . variations occur, the — may he 
P = 604 lb. per sq. in. made for increments of depth with more 
Second Trial, since Z, taken at incorrect P, accurate results. 
Assume P., = 3204 lb. per sq. in. abs. Table 3 gives an example calculation 
P,, = 2902 Ib. per sq. in. abs. for this method. The calculated bottom. 
2902 hole pressures (lb. per sq. in. abs.) by 
P, = saa5 = 4.37 T, = 1.59 the three methods are tabulated as fol- 
. lows: 
a = 0.821 Experimental Method Method Method 
XG — (7500) (0.744) 1 pressure? I II Il 
T,Z, (612.5 ) (0.821) — 11.09 3193 — 3188 31823202 
/\P{1— (0.00937) (11.09) ] = (0.01874) (2600) (11.09) The results indicate that the simpler 
0.8971 AP = 540.0 —— II and III are essentially equiv. 
A\P = 602 Ib. per sq. in. alent. 
P., = 602 + 2600 = 3202 Ib. per sq. in. abs. calculated by method III. @ Gravity of well fluids. A dry gas 
Measured pressure at 7500 ft. = 3193 lb. per sq. in. abs. well producing no condensate will have 
the same gas gravity in the. well as at 
Rearranging, in which P represents units of lb. per the gas meter and presents no: prob- 
P X sq. in lem in finding the correct gravity. The 
ee En paeee _— gas composition in a well that produces 
P, Z,NRT, APX<29.0 nd or < ah 2) “GXX condensate may be computed by add- 
OF X29.0X492 (P, + AP/2) XEX ing the condensate to the gas separated. 
x 144 359 14.7XT, XZ, If the well fluid were a single phase 


P,—P,=P, (e %NRT:_1) . . (10) 





This equation may be simplified, since 


G = wane for 1 lb. of fluid consid- 
ered, and R = 1544 with P in units of 
lb. per sq. in. 
‘ Gx 
P,—P, =P, (e9-01874 ZTa 1) . (11) 


Table 2 gives an example calculation | 
of this method, using the same data as 
Table 1. This equation must be solved 
by trial and error for Z, since it de- 
pends on an assumed average pressure. 

Method III. lf the temperature and 
compressibility factor are assumed con- 
stant, it should make little difference to 
assume the pressure constant or to use 
an average value of V in equation (6). 


VdP = V, \ dP = V,(P,—P,) 


i 1 





> 
=— ~=eK. . €22) 
Pa 
in which p, is the density of the fluid at 
the average pressure. Since p, may be 
obtained by use of the compressibility 
factor, gas gravity, temperature, and 
pressure, the following equation results: 


144(P,—P,) X359XT, X14.7XZ, 
29.0 GX 492 (P, + AP/2) 
ek. 2.2%. 











2500 2250 2000 


FIG. 5. PRESSURE GRADIENT AS A FUNCTION OF AVERAGE WELL 
PRESSURE AND TEMPERATURE FOR 0.60 GRAVITY GAS. 
PRESSURE GRADIENT (AP) LB. /SQ. IN. 
1750 1s00 1000 750 
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YOU CAN BE JURE 


When you specify the Cummins Diesel for your 
drilling rig, you choose an engine with a 10-year 
record of proved performance in the oil fields on jobs 
similar to the one you have in mind . . . you also 
choose a rugged, flexible, quick starting engine that 
has consistently shown its ability to produce cheap, 
fast footage with day-after-day dependability. 

But more than that, you choose a diesel backed by 


aservice program which has stood the test of oil-field 





Illustrated is the Model L Cummins 
Diesel, rated 225 hp. at 800 rpm. for 
heavy-duty oil-field service. Cummins 
Diesels are designed for all types of 
drilling, pumping and generating opera- 
tions... also for automotive and marine 
applications. Ask now for specifications. 


requirements ... a diesel backed by a manufacturer 
and distributors who realize the importance of pro- 
viding competent service and parts within easy reach 
of any active location. These service facilities— 
facilities the drilling contractor knows he can count on— 
have been an important factor in building the Cum- 
mins Diesel’s enviable record in the oil fields. They 
will prove an important factor to you, too, in re- 


ducing your costs and increasing your profits. 





SINCE 1918...PIONEER OF PROFITABLE POWER 
THROUGH HIGH SPEED DIESELS 








CUMMINS ENGINE COMPANY, INC., COLUMBUS, INDIANA 
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throughout the well, the molecular 
weight of the well efluent would give the 
true gas gravity for the static column. 
When condensation takes place within 
the well bore due to temperature and 
pressure changes, the gas gravity G be- 
comes a variable and N in equations (8) 
through (10) is also a variable. Since 
the procedure for predicting the quan- 
tity of condensate and gas-phase compo- 
sition in a well would be very compli- 
cated, either the well-effluent gravity or 
an average gravity for the well-fluid gas 
phase will be used. 

A simple procedure for estimating the 

well fluid gravity is desired. The infor- 
mation normally available for a con- 
densate well is the condensate yield in 
barrels of stock-tank liquid per million 
cubic foot of separator gas and the me- 
tered gas gravity. Fig. 3 has been pre- 
pared using actual data on 15 conden- 
sate wells for which the well effluent and 
separator-gas compositions were known 
in addition to the stock-tank yield of 
condensate. The curve appears to be of 
fairly general application, even though 
there are three variables, separator pres- 
sure, liquid gravity, and liquid molecu- 
lar weight, which could cause differ- 
ent gravity ratios for a given stock-tank 
yield of condensate. The 15 condensate 
wells include a wide variety of all three 
of these variables, with no large net 
deviation from a single curve. 
@ Pseudocritical conditions. In addi- 
tion to the well fluid gravity, the pseudo- 
critical conditions -must be known to 
predict the compressibility factor for 
any pressure-gradient calculation. If well 
effluent analyses are known, the pseudo- 
critical conditions may be computed di- 
rectly as molal average critical tempera- 
tures and pressures for the pure con- 
stituents. It has been shown that pseudo- 
critical temperatures and pressures are 
a function of gas gravity for natural 
gases. Saturated gases at high pressure 
or condensate well effluents would have 
slightly different curves of gas gravity 
versus pseudocritical temperature and 
pressure than single-phase natural gases 
at low pressure. 

Fig. 4 gives the pseudocritical condi- 
tions for saturated gases* and conden- 
sate well effluents. The curve developed 
for miscellaneous natural gases‘ is also 
shown. 

@ Charts for calculating gradients. 
Since any well having a fixed wellhead 
pressure, gas gravity, and well tempera- 
tures will have a definite static pressure 
gradient, it would seem that charts could 
be developed to give the gradient as a 
function of wellhead pressure P,, aver- 
age temperature T,, gas gravity G, and 
depth X. By equation (13b), A\P is a 
function of average pressure P,, depth 
X, gas gravity G, and average tempera- 
ture T,, as Z, is a dependent variable. 

Figs. 5 through 9 have been prepared 
using equation (13b) for gases of gravi- 
ties 0.60, 0.65, 0.70, 0.75, and 0.80 with 
/\P a function of depth at the average 
pressure and the average temperature 
in the well. These gases are assumed to 
follow the pseudocritical conditions of 
Fig. 4 and to have compressibility fac- 
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FIG. 6. PRESSURE GRADIENT AS A FUNCTION OF AVERAGE WELL 
PRESSURE AND TEMPERATURE FOR 0.65 GRAVITY GAS, 
PRESSURE GRADIENT (AP). LB, /SQ. IN. 
2250 2000 __1750 1500 1250 1000 __—7S0 $00 
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FIG. 7. PRESSURE GRADIENT AS A FUNCTION OF AVERAGE WELL 
PRESSURE AND TEMPERATURE FOR 0.70 GRAVITY GAS. 
PRESSURE GRADIENT (AP) LB. /SQ. IN. 
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trial and error solution is involved when 


pressure gradient /\P for gases of 01 
gravity, using a different average at 
perature for each depth. The dept 

température relationship used is 133°. 
at 4000 ft., 208°F. at 8000 ft., and 282° 
at 12,000 ft. For wells that have thi 
temperature gradient and a well fit 
gravity of 0.70, Fig. 10 gives an act 
rate calculated gradient. For wells hat 
ing different temperatures or gas gravr 
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tors of references 3 and 4. The ordinates 
on these charts represent the density of 
the well fluid but on an odd scale to make 
the depth lines straight. Since the aver- 
age pressure in a well is not known, a 


computing the bottom-hole pressure P, 
from the wellhead pressure P,. 

To assist in the calculation, Fig. 10 
has been prepared. The chart gives the 











TH 





Fig. 1793—-125-pound tron Body Bronze 
Mounted Gate Valve with Flanged ends, 
outside screw rising stem, bolted flanged 
yoke, bronze seats, and taper wedge solid 
disc. Available with taper wedge double 
disc. Fig. 1444. 


Fig. 500--125-pound Bronze Gate Valve, 
with screwed ends, inside screw rising 
stem, screwed bonnet and either taper 
wedge solid or double disc. 


Fig. 1375—-200-pound Bronze Gate Valve, with screwed 
ends, inside screw rising stem, union bonnet and wear- 
resisting nickel bronze seat rings and disc. 


Fig. 3003—Class 300-pound Cast Stee! Gate Vaive, 
with flanged ends, outside screw rising stem, bolted 
flanged yoke and taper wedge solid disc. 


ells hav- 
as grav 
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ties, Fig. 10 should be used only to ap- 
proximate the /\P in order to obtain 
the average pressure (P, + AP/2) = 
P, in the well, which in turn is used in 
Figs. 5 through 9. 


@ Example uses of charts. Using the 
data on well A, compute the pressure at 
7500 ft. for a well having a tubing-head 
pressure of 2585 lb. per sq. in. gage. 
The well fluid gravity is 0.744 and the 
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FIG. 8. PRESSURE GRADIENT AS A FUNCTION OF AVERAGE WELL 
PRESSURE AND TEMPERATURE FOR 0.75 GRAVITY GAS. 
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FIG. 9. PRESSURE GRADIENT AS A FUNCTION OF AVERAGE WELL 
PRESSURE AND TEMPERATURE FOR 0.80 GRAVITY GAS. 
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average well temperature is 153°F, 

By Fig. 10, the approximate gradient 
corresponding to 2600 lb. per sq. in. abs, 
is 610 lb. per sq. in. and P, = 2905 jh, 
per sq. in. abs. From Figs. 7 and 8, . 

AP for 0.70 gravity gas = 565 lb. per 
sq. in. 
AP for 0.75 gravity gas = 615 Ib. per 
sq. in. 

Interpolating for 0.744 gravity, 
= 609 lb. per sq. in. 7 oe 

P, at 7500 ft. = 3209 lb. per sq. in, 
abs. 


Experimental value = 3193 lb. per sq, 
in. abs. 

As a second example, compute the 
reservoir pressure at 8000 ft. for a well 
producing 40 bbl. of stock-tank condep. 
sate per million standard cubic feet of 
gas. The wellhead pressure is 2800 Jb, 
per sq. in. gage, the separator-gas gray. 
ity is 0.670, and the temperature of the 
well bore at 4000 ft. is 135°F. 
' From Fig. 3, the well fluid gravity is 
estimated to be 1.19 & 0.670 = 0.789, 

From Fig. 10, the approximate gradi- 
ent corresponding to 2815 lb. per sq. in. 
abs. is 765 lb. per sq. in. and P, = 3198 
lb. per sq. in. abs. 

From Fig. 9 at 135°F. and 8000 ft, 
ZA\P = 820 Ib. per sq. in. 

Repeating at P, of 3225 Ib. per sq. in. 
abs., /\P = 825 lb. per sq. in. 

Reservoir pressure = 2815 + 825 = 
3640 lb. per sq. in. abs. 


@ Effect of flow on earth-temperature 
gradient. In estimating the average well 
temperature, the usual procedure is to 
assume a straight-line relationship be- 
tween the reservoir temperature and a 
well-head temperature of 60° to 70°F, 
depending upon the locality. If the well 
bore is in thermal equilibrium with the 
earth, this procedure gives results lit- 
tle different from the measured tem- 
perature gradient. 

During flow, the well bore and sur 
rounding earth gradually increase in 
temperature over the normal earth gra- 
dient. Harbert, Cain, and Huntington® 
have indicated the nature of this prob- 
lem by laboratory measurements. A well 
that has been flowing prior to measure 
ment of the well-head pressure will have 
a higher average well temperature than 
at thermal equilibrium. Further refine 
ments in the calculation of pressure gré 
dients in gas wells that have been flow- 
ing just prior to measurement of 
head pressure will include some proce- 
dure for estimating the average 
temperature from well history and flow 
ing wellhead temperature. 

The effect of a change in the aver 
age well temperature due to heat trans 
fer from the natural gas may be shown 
by using higher average temperatures 
for well A. For a wellhead pressure of 
2600 lb. per sq. in. abs., a gas gravily 
of 0.744 and a reservoir temperature 0 
228°F., the followihg values for AP 
are found by interpolating between Figs. 
7 and 8 for a series of well temperatures. 
(See following page.) 

These results indicate that the calew 
lation of pressure gradients in gas we 
that have been shut in only 24 hr. after 
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“MY WILSON HAS DRILLED 


OVER 8O WELLS WITH 
Perfect Satislactiou 


wonume sont ‘ 


on easouss® 


ne s 
vowrra PALL TERA! 











Fevrue 






Co., Inte 
{ison wanufacturing ” 
351-4 You know, the best salesmen we 

mm ih have for Wilson are the owners 
Gentiemen* _ 1938, you aeliver® 


ropotery DFOR and users of Wilson Rigs and 


ha Engines, 


Texes 


one © 
to the peabenc with two WeuKee grilling: »4 h 
works equiPiga for 4,000-F0° Winches. 
is recommen otal of 8° 


arilied & t 


the rig hes spe, ranging page ™ e"te 
ing #8, SHS Bi cant at OO When a drilling contractor goes to 
2,950 fee vie a total © 2 orpance . ° 
g 3,980 faek Causatactory perform the trouble to express his apprecia- 
operating expen® i . . 
aa. nn enna ae Se tion as Frank Wood has in the let- 
Prosmecistiod customers; needed, 
tof antbethgrsiiing TH8 M5 coy, ter reproduced here, you can bet 
— assured it © e ° . 
yours vers tulY) it’s because he is really “sold” on 


Fravr hv oul Wilson Rigs. 


— If you want the standout rig, in- 
vestigate Wilson before you buy! 








WILSON HOLDS RECORD 
FOR DEEPEST WELL EVER 
DRILLED WITH POWER RIG 








WILSON RIGS AND WINCHES aoe be pur- 
chased from the following: BOVAIRD SUPPLY 
CO., THE INDUSTRIAL SUPPLY CO., JONES & 
LAUGHLIN CO., MID-CONTINENT SUPPLY CO., 
and other recognized supply companies. 


Xx 








MANUFACTURING CO., INC. 


EXPORT REPRESENTATIVE + GUY E. DANIELS - 30 ROCKEFELLER PLAZA ~- NEW YORK CITY 
WICHITA FAL@e, Bos S| 


PACIFIC COAST DISTRIBUTOR - HH. & B. SALES COMPANY, LTD, - LONG BEACH, CALIFORNIA 
UNITED PIPE & SUPPLY CORPORATION - 1542 HANSFORD STREET ~- CHARLESTON, WEST VIRGINIA 
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FIG. 10. PRESSURE GRADIENTS FOR 0.70 GRAVITY GAS AND 
GIVEN EARTH-TEMPERATURE GRADIENT. 
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A more accurate comparison of meth- 
ods II and III may be made by compar- 
ing the factors by which P, is multi- 


a period of flow may not be accurate if 
the equilibrium earth-temperature gra- 
dient is used. 













MODEL 
NO.17-S 


3, 
ne 


IVE 4 


A Safety Flashlight (24 
that’s... JUSTRITE 


for the Petroleum Industry 


POWERFUL . . . 1500 candlepower from 3 standard dry 
cells. Equipped with high efficiency, standard .3 ampere 
bulbs that save battery drain... will secure more light 
and longer service from batteries than an ordinary 2-cell 
flashlight using a .5 ampere bulb. 


HANDY ... fits in the palm of the hand, on belt clip, 
finger ring or stands alone ona flat surface. Also designed 
for carrying in the pocket. 


RUGGED ... heavy duty plastic case built to stand up 
and deliver dependable service in the oil fields. 


SAFE ... for hazardous locations. Approved by U.S. Coast Guard.for use in pump 
rooms of tanker vessels; by Underwriters’ Laboratories, Inc. (Class 1, Group D), and 
U. S. Bureau of Mines for safe use in methane gas and air mixtures. 


Your Supply Companies will tell you about Justrite. Catalog on Request. 


JUSTRITE MANUFACTURING CO., 2063 N. Southport Ave., Dept. G-2, Chicago 14, Ill. 
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Value for /\P 
Assumed surface Average well AP from Figs 
temperagure, °F. | temperature, °F. | Jyand 8 
17 152.5 | 609 
97 162.5 589 
117 172.5 | 574 
137 182.5 555 
157 192.5 535 
177 202.5 520 
| 





plied to give P,—P,. Let 0.01874 XG 
=c, then for method II the factor be. 
comes (e®€—1) and for method III jt 


c : 
becomes te A direct compari. 
= —— 


4 


son of the two factors for several values 
of c are as follows: 


‘ Cc 
a 

. ills 1—05c 
0.05 0.0513 0.0513 
0.10 0.1052 0.1052 
0.20 0.221 0.2299 
0.30 0.350 0.353 
0.40 0.492 0.500 
0.50 0.649 0.667 


These values prove that the two meth- 
ods should give practically identical re. 
sults. 

@ References 
1. Rawlins and Schellhardt: U. S. Bureau of 

Mines Monograph 7 (1936). 

2. Eilerts and Schellhardt: U. S. Bureau of 

Mines Tech. Pub. 3402 (1938). 

3. Standing and Katz: Trans. AIME (1942) 

146, 140. - 

4 


. Katz: Ref. and Nat. Gasoline Mfr. (1942) 
21 (6), 58. 

5. Harbert, Cain, and Huntington: Ind. and 
Eng. Chem. (1941) 33, 357. kk 








These oil-proof, wear-resistant, plastic 
tubing protectors are an integral part of 
the tubing collar. Made in all sizes, they 
prevent the metal-to-metal contact that 
has caused many expensive ‘wet’ jobs 
in pumping wells in the past. 


PATTERSON-BALLAGH 
TUBING PROTECTORS 


LOS ANGELES 1 ¢ HOUSTON 10 » NEW YORK 6 
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NO ONE wants such a heavy pump. 
But when larger power pumps are 
needed, pound for pound EMsco 
will build them, as in the past, with 
the most capacity and the least 
weight. 

EMSCO POWER SLUSH PUMPS ¢m- 
body an all-steel construction which 
reduces overall pump weight con- 
siderably in comparison to pumps 
of conventional design; yet they 
have higher horse-power ratings. 

Other features are extremcly 
narrow width for case of trans- 
portation; exposed type fluid liners; 
dual valve pots; compact, rigid 
powcr frame welded into one unit; 
and overall simplified design. 

Yes, EMSCO POWER SLUSH PUMPs 
are costly to build, but they're worth 


Ninn 


it. Longer life, fewer shutdowns, and _ oa 
reliable performance cut pumping is : 
costs to a Minimum. se 


EMSCO DERRICK & EQUIPMENT COMPANY 
Houston, Texas Los Angeles, Calif. Dallas, Texas 


DISTRIBUTORS: 
OKLAHOMA, ILLINOIS, INDIANA, KANSAS, KENTUCKY, LOUISIANA 
MISSISSIPPI, NEBRASKA, NEW MEXICO, ALABAMA AND TENAS 


THE Bovairp SuppLy Co., Tulsa, Okla. 
THE Mip-CONTINENT SupPLy Co., Fort Worth, Tex 
COLORADO, WYOMING AND MONTANA 
THE AMERICAN IRON & METAL Co., Casper, Wyo 
ALL STALES EXCEPT AS NOTED ABOVE 
Emsco Derrick & EQUIPMENT Co., Los Angeles, Calif. 
EXPORT AND EASTERN CANADA 
THE CONTINENTAL SUPPLY Co., INC., New York, N. Y. 
WESTERN CANADA 
THE TURNER VALLEY SupPLy Co., LTD., 
Calgary, Alberta, Can. 


DALLAS PLANT HOUSTON PLANT 
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Effect of Recent Supreme Court Decisions Upor 


the Production and Conservation of Natural Gas 


By RICHARD B. McENTIRE, Chairman State Corporation Commission of Kansgs 


To attempt to discuss the implications 
and significance of the récent decisions 
of the Supreme Court in the various 
cases involving rate orders of the Fed- 
eral Power Commission from the stand- 
point of the state regulatory agencies, is 
indeed a hazardous undertaking. The 
difficulties that present themselves are 
numerous. In the first place, very possi- 
bly, the viewpoints of the state regula- 
tory bodies are not uniform. As the 
minds of reasonable men may differ up- 
on any debatable issue, so the various 
state agencies may have, I believe, dif- 
ferent views concerning the meaning and 
the implications of these cases. Justice 
requires me, therefore, to accept per- 
sonally full responsibility for these re- 
marks in order to protect the viewpoints 
of the members of other state agencies 
who may entertain opinions different 
from those to which I am giving expres- 
sion. 

That difficulty of itself is nothing more 
than can be expected upon the occur- 
rence of great changes that have far- 
reaching and profound effects upon im- 
portant segments of our economy. An 
even greater difficulty, however, is pre- 
sented by the basic character of the na- 
tural gas industry with all of its ramifi- 
cations. I would make bold to suggest 
that much of our trouble has arisen from 
the fact that our various viewpoints of 
the industry (as well as of the industry’s 
view of itself) is rather like the old fable 
of the blind men going to see the ele- 
phant. Unfortunately, it is rarely true 
that anyone—courts, commissions, trade 
associations or counsel—is able to hold 
at one time all the viewpoints neces- 
sary to a full understanding of the issue. 

Indeed, there are certain features of 
the regulation of natural gas transmis- 
sion companies as public utilities that 
appear upon the surface to be diametri- 
cally opposed to the sound conservation 
of natural gas. I believe that I am per- 
sonally more keenly aware of this con- 
flict (or apparent conflict) than are most 
individuals. My reason for making this 
rather broad claim springs from the fact 
that, insofar as I know, there are only 
three agencies in the entire nation spe- 
cifically charged by law with the duty of 
conserving natural gas resources and, at 
the same time, are legally responsible 
for regulating the natural gas industry 
as a public utility and thereby protect- 
ing the interests of the consuming pub- 
lic. These three agencies to which I re- 
fer are the State Railroad Commission 
of Texas, the Oklahoma Corporation 
Commission, and the State Corporation 





*Presented before the Interstate Oil Compact 
Commission, Oklahoma City, June, 1945. 
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Commission of Kansas. | believe that 
every other agency whose work is re- 
lated to the natural gas industry ap- 
proaches it primarily, if not exclusively, 
from the conservation angle or from the 
public utility regulatory angle. 

The conflict between the two ap- 
proaches is a very real one. Many times, 
in conference with my associates on the 
Kansas Commission, I have listened to 
the widely divergent views of our staff 
members charged respectively with the 
administration of the two functions. And, 
I might even say, without betraying any 
secrets, that some heated discussions 
have been held where the respective 
views clashed head-on. I am sure that no 
unanimity of opinion exists among them 
on the subject. 

The reason for this divergency of view- 
points is very apparent indeed. The tech- 
nique of conservation of an irreplaceable 
natural resource requires, as an indis- 
pensable condition-precedent, a substan- 
tial price for the commodity. In order to 
save anything, it must be worth saving. 
The most difficult obstacle that has con- 
fronted the supporters of conservation, 
in their long fight to prevent the dissipa- 
tion of natural gas, has been the fact that 
for many years natural gas has been a 
commodity of very low value. This has 
been especially true in the Mid-Conti- 
nent and Gulf Coast areas, which are 
far-distant from the great centers of 
population where large demands for the 
product have existed. 

Looking at the other side of the prob- 
lem, the proper discharge of public util- 
ity regulatory functions makes it im- 
perative to see that the utility company 
rendering service is not permitted unjust- 
ly to enrich itself at the expense of the 
members of the public. This means that 
the cost of service must be held down to 
an absolute minimum consistent with 
allowing the utility a sufficient income to 
exist and provide a modest return on its 
capital investment. The whole philoso- 
phy-of the regulation of public utilities 
is based upon the cornerstone that where 


‘ a monopoly can serve most efficiently, 


regulation must take the place of compe- 
tition. Inasmuch as it is economically un- 
sound to have two, or three, or a dozen 
gas pipe lines running from every source 
of supply to every available market, the 
process of determining public conveni- 
ence and necessity and of granting to 
qualified applicants certificates that es- 
sure them freedom from competition is 
required. Because they are thus pro- 
tected and assured of a fair return upon 
their investment, there must exist, as a 
corollary, a regulation or control that 
will make certain the consumer is not 


exploited by the device of setting rates 
at whatever the traffic will bear. Thys_ 
the public utility field is not one in which 
great speculative profits are permitted, 
nor tremendous losses incurred. 4 

In most fields of enterprise affe 
with the public interest, the laws of ee 
nomics interpose some natural restraip 
that make the problem reasonably sim 
ple. Every other public utility that comes’ 
to my mind is furnishing goods or per- 
forming services that are replaceable. 
Perhaps the most closely allied to the 
ges utility industry is the electric utility 
industry. But, as a matter of fact, there 
is a very great difference. Since Faraday 
first arranged his wires and magnets in 
such relationship as to create artificially 
the first electric current, the laws of 
physics have not changed and we are as- 
sured that if we place in proper rela. 
tionship to each other the necessary ma 
terials, we can, anywhere and any time, 
generate more electricity. By connecting 
our generating capacity through a sys- 
tem of wires, poles, and transformers, we 
can cause that electrical energy to be 
distributed wherever and however we 
choose. 

But, in the eternal scheme of things, 
natural gas is an irreplaceable commod- 
ity. We cannot here and now say that 
we can economically manufacture grea 
quantities of gas. While it is true that 
we do know how to manufacture a sub 
stitute for the product, such substitute i 
neither preeminently satisfactory nor i 
it the economic equivalent of the natural 
product. Natural gas is located only 
where you find it. Insofar as we know 
the quantity is fixed and certain. Ob 
viously, all the reserves have not yet 
been discovered, but whether discovered” 
or undiscovered, there are so many thou- 
sand cubic feet of it in existence, and 
when one reserve is depleted, we are 
forced far afield to discover others to 
take its place. 

There is one additional practical diffi- 
culty with this particular commodity. 
Natural gas is frequently found in cot 
junction with crude oil. Both lie deep be 
neath the surface of the ground. In eae 
case, in the first instance, the partic 
genius of the wildcatter is necessary ® 
discover it. . 

There is nothing staid or orthod 
about the wildcatter’s operations. I 
may borrow a very trite expressie 
wildcatting is not a business—it 1s 
disease. And, it has also frequently bee 
seid that those venturesome end reckle 
individuals who eng*ge in it are, P 
verbially. either within one foot of a ml 
lion dollars or a million miles from ¢ 
dollar. Because of the essential ¢ 
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nomics of the situation, oil has been the 
impelling cause for wildcattting. Gas has 
been, and to a large extent still is, the 
unwanted by-proauct of the search for 
oil. In my meager experience, 1 have 
come to feel that, in a certain degree at 
least, there is as great an antipatny for 
gas among oil men as there is for sheep 
among cattlemen. 

Every country lawyer in oil and gas 
producing territory is familiar with the 
old form of leases wherein oil companies 
would provide that if oil was discovered 
the landowner would receive one-eighth 
of the proceeds but if gas was discovered 
the landowner was entitled to a flat pay- 
ment of $25. It required a long period of 
evolution before natural gas rose to dig- 
nity as an economic factor and one- 
eighth of the proceeds thereof was given 
to the royalty interests. 

We are all familiar with the uncon- 
scionable waste of natural gas, which 
occurred for too long a time. The vent- 
ing of gas to the air, regardless of its 
quantity, which came with oil produc- 
tion, is one of the less reprehensible of 
such practices. The production of gas for 
the purpose of stripping from it its nat- 
ural gasoline content and the venting of 
the dry sweet gas residue is even more 
wasteful. Most terrible of all was the 
practice of blowing wells for long peri- 
ods of time inthe hope that if enough 
gas was drawn off, some oil would come 
into the well-bore. All of these practices 
are manifestations of the economic and 
physical waste of the product. All of 
them have existed because natural gas 
in many localities has had little or no 
value. All of them demonstrate the im- 
practicality and impossibility of trying 
to save something that is generally con- 
sidered as not worth saving. 

Thus, we are faced in our considera- 
tion of the regulation of natural gas 
transmission companies as public utili- 
ties with a very great difficulty in that 
the industry deals with a product that 
for a long period of time was unwanted 
and held as of negligible value. 

I have dealt for perhaps too long upon 
some of the basic implications before 
turning to the specific inquiry respecting 
the particular decisions that form the 
basis of this discussion. I will assure you 
that I shall attempt from here on to con- 
fine my remarks specifically to the cases 
before us for consideration. 

The particular issues presented by the 
Canadian River, the Colorado Interstate, 
the Colorado-Wyoming, and the Pan- 
handle Eastern cases all spring from the 
decision of the Supreme Court in the 
Hope Natural Gas Company case. 

That case was, and is, a landmark. So 
much has been said about it, and so 
much written about it, that I shall not 
now undertake an extended dissertation 
upon it. It constitutes something of an 
emancipation proclamation insofar as 
administrative bodies are concerned. In 
a word, it declares that governmental 
agencies set up to exercise legislative 
power in rate-making matters are free to 
adopt whatever standard may be pro- 
ductive of a final result that is fair to the 
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company regulated and does not violate 
the grant of authority by the legislative 
branch nor transgress constitutional 
limitations. With this general statement, 
I think there can be no quarrel. If that 
was not the law, it seems to me that it 
should have been. In the law books, | 
find this language, which I quote: 

“The legislative discretion implied in the 
rate-making power necessarily extends to 
the entire legislative process, embracing 
the method used in reaching the legisla- 
tive determination as well as that determi- 
nation itself. We are not concerned with 
either, so long as constitutional limita- 
tions are not transgressed ...the judicial 
function does not go beyond the decision 
of the constitutional question. That ques- 
tion is whether the rates as fixed are con- 
fiscatory ...” 
“And mindful of its distinctive function in 
the enforcement of constitutional rights, 
the Court has refused to be bound by any 
artificial rule or formula, which changed 
conditions might upset. We have said that 
the judicial ascertainment of value for the 
purpose of deciding whether rates are con- 
fiscatory ‘is not a matter of formulas, but 
there must be a reasonable judgment hav- 
ing its basis in a proper consideration of 
all relevant facts’.”? 

It seems to me that this language fair- 
ly enunciates the principle set out with 
more particularity in some places in the 
decision of the court in the Hope case. 
But please bear in mind that this is not 
from the Hope decision, so widely hailed 
as a new landmark. Those are the words 
of Chief Justice Hughes which were writ- 
ten in 1933 and are found in the case of 
Los Angeles Gas and Electric Corpora- 
tion vs. Railroad Commission of the State 
of California, 289 U.S. 287. © 

According to our reasoning, therefore, 
the Hope case does not constitute a wide 
departure from established law. There 
always comes to mind the reported inci- 
dent of the eloquent counsel who was 
arguing a case before the Supreme Court 
when Mr. Chief Justice White was on the 
bench. In the course of his argument, 
counsel made a rather categorical state- 
ment of some rule or principle only to 
have the Chief Justice say, “Why, that is 
not the law.” Catching himself quickly, 
the attorney bowed to the court and re- 
plied, “I beg the Court’s pardon—of 
course, it is not the law, but I do venture 
the assertion that it was the law until 
your honor just spoke.” 

I submit in all fairness that the perti- 
nent reply of this unnamed counsel to 
Chief Justice White could not have been 
made with propriety concerning the 
court’s decision in the Hope case. 

There are, however, other features of 
that case that require comment. In that 
case, the state of West Virginia partici- 
pated actively. Its governor and attorney 
general, as well as its public service 
commission, took part. On its behalf, the 
contention was made that the rate order 
involved 


“brings consequences which are unjust to 


West Virginia and its citizens” 
and which 


“unfairly depress the value of gas, gas 


1Los Angeles Gas and Electric Corporation vs. 
Railroad Commission, 289 U. S. 287, at 304, 305, 
and 306. 


lands, and gas leaseholds, unduly rest 
development of their natural resoure 
and arbitrarily transfer their properties 
the residents of other states without ju 
compensation therefor.” 


The court, speaking through Mr. Justie 
Douglas, discussed that contention in ¢ 
tail. [ think it is a fair import of that dj 
cussion to say that the court recogni; 
the validity of the contentions of We 
Virginia but reached the conclusion ¢ 
protection of those interests must be @ 
complished other than in rate determ 
tions and that it was inequitable to m 
them controlling in rate cases. In th 
particular the court said: 


“Thus Congress was quite aware of the 

terests of the producing states in thé 

natural gas supplies. But it left the p 

tection of thdse interests to measures oth 

than the maintenance of high rates | 
private companies. If the Commission is tg 
be compelled to let the stockholders 
natural gas companies have a fcast sothap 
the producing states may receive crum 
from that table, the present Act must | 
redesigned. Such a project raises ¢ 
tions of policy which go beyond our pre 

mce. * 

The court then proceeded to sugge 

that the states were free to protect them 

selves by tax legislation or by regulation 
of the sale price of gas sold to interstate 
lines and commented that the return 
allowed by the Commission was a net re- 
turn after all such charges. 

In the dissents to the majority opinion, 
there exists likewise some very interest- 
ing and pertinent comments with which 
in part at least | am in accord. Mr. Jus- 
tice Reed agreed with the majority ex- 
cept that he protested against the dis- 
allowance by the Commission, as a part 
of the rate base, of the company’s invest- 
ment in exploratory operations and other 
recognized capital costs solely because 
at the time that the company was en- 
gaged in an unregulated activity it 
charged these items as expenses of oper- 
ation rather than capital expenditures.’ 

Since my own personal conclusions are 
such that this point is not particularly 
germane, I will pause only to comment 
upon it in passing. While much could be 
said upon either side of this issue, my 
personal view would be in harmony with 
that expressed by Mr. Justice Reed. Al- 
though the position of the Federal Power 
Commission in seeking to correct, inso- 
far as possible, the inequities of the past 
wherein the rate payer was charged with 
these capital additions is understand: 
able, if a straight original-cost formula 
is to be used, it would seem to me that 
it would have been wiser for the Federal 
Power Commission to have acce 
jurisdiction as of the date of the passage 
of the Act. Obviously, all the past m- 
equities could not be compensated for. 
To have attempted to wipe all of th 
out would have made for a rate base t 
was entirely negligible. As Mr. Justi 
Reed said, ¥ 


“...it seems to me illogical to throw 4 
the admittedly prudent cost of part of 





2Federal Power Commission vs. Hope N 
Gas Co., 88 L. Ed. (Ad. Op.) 276 (at 286). 
2[bid., 289. : 

4] bid., 294. . 
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- a & MORE POWER : Construction, Power and Durability have long been outstanding 


; features of Lucey Oil Country Boilers. Heavy wartime production 
invest- demands have re-emphasized the true value of Lucey Boilers to 
d other the oil industry. 


ecause * LONGER LI FE Lucey’s big. rugged ‘’Hi-Tensile” Boilers, for instance, are more 
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BOILER AND MANUFACTURING CORP. 


THE OLD WAY LUCEY STYLE CHATTANOOGA, TENNESSEE 
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2800 SOUTH ALAMEDA ST. 811 STERLING BUILDING 
LOS ANGELES, CALIFORNIA HOUSTON, TEXAS 
Oe 
Na 
6). a 
3 Lucey Products Corporation, Tulsa, Ok!ahoma Lucey Export Corporation 
‘ ¢ Houston Oil Field Material Co., Inc yo oe ee a; ee 
; * Houston, Texas + New York 7 N Y 
Jones & Laughlin Supply Co., Tulsa, Oklahoma Broad Street Hous« 
’ 19. : Murray-Brooks Hardware Co., Ltd E. C. 2, London, England 


Lake Charles, Louisiana 
Petroleum Equipment Cx 
Los Angeles, California 





property because the earnings in the un- 
regulated period had been sufficient to re- 
turn the prudent cost to the investors over 


5% 


and above a reasonable return. 


To expand upon this for only one mo- 
ment, we might comment that inclusion 
of these items in the rate base would 


have gone a long way toward correcting © 


the situation concerning which the State 
of West Virginia so particularly protest- 
ed. And, it should always be borne in 
mind that the interests of the producing 
state are part and parcel of the public 
interest as a whole. As Mr. Justice 
Frankfurter said in his dissent, 





SIbid., 296. 


“Of course, the statute is not concerned 
with abstract theories of rate making. But 
its very foundation is the ‘public interest,’ 
and the public interest is a texture of 
multiple strands. It includes more than 
contemporary investors and contemporary 
consumers. The needs to be served are not 
restricted to immediacy, and social as well 
as economic costs must be counted.’”® 


Before leaving the Hope case, it is im- 
perative that some mention be made of 
the extended and well-reasoned dissent 
of Mr. Justice Jackson. In it, I think, he 
displayed a very profound understand- 
ing of the problems of the gas industry. 





®Ibid., 296. 











STAYS ON THE JOB 


. Needs No Pampering 


AR-TIME demands for petroleum production empha- 

size the thing for which Case oilfield engines are 
known—the way they keep running without fuss or favor, and 
with little attention. Shutdowns are relatively rare. Runs of 
months and sometimes years are reported almost as a matter 
of routine. Naturally, this little need for minor repair and long 
life before overhaul lead to low cost per barrel of oil pumped, 
and leave profits on narrower margins. 


To put that kind of endurance into pumping power, Case 
has all the lessons from seventy years of building sturdy engines 
for outdoor work. To get the extra hours and years of service 
built into Case engines you may have, be sure they receive reg- 
ularly the little care they require. To get that same endurance 
in new engines, see your distributor; he may be able to supply 
you. Case oilfield engines are built in 30, 49, and 68 horse- 
power sizes. J. I. Case Co., Racine, Wis. 


DISTRIBUTORS 
Southwest Machinery Co., 1900 Linwood Blvd, Oklahoma City, Okla.; Tulsa and Hobart, Okla. 
Wn. K. Holt Machinery Company, San Antonio, Texas 
Southwest Equipment Company, Dallas and Kilgore, Texas 
The Gulf Tractor and Equipment Company, 3100 Polk Street, Houston, Texas 











It is impossible, of course, to point out 
all of its well-chosen language without 
reciting it almost in full. He approves 
the reversal of the Circuit Court of Ap. 
peals whose opinion would have strait. 
jacketed the rate-making process to the 
reproduction-cost-new formula. 

In passing, he makes one statemen 
with which I find myself in complete dis. 
agreement. The statement to which I re. 
fer reads as follows: 

“The fact is that neither the gas com. 
panies nor the consumers nor local regula. 
tory bodies can be depended upon to con. 
serve gas. Unless Federal regulation will 
take account of conservation, its efforts 
seem, as in this case, actually to consti- 
tute a new threat to the life of the Appala. 
chian supply.”? 

While I hold no brief for the activities ” 
of the states in the Appalachian district 
to conserve natural gas, except to say 
that the measures they have taken in the 
wisdom and discretion of their legisla- 
tive and administrative bodies, probably 
seemed sufficient, I do take issue with it 
insofar as the activities of the regulatory 
bodies charged with the duty of conserv- 
ing the gas supplies in the Mid-Continent 
and Gulf areas. It would seem to me to 
be a much fairer statement if the first 
sentence of the quotation had been de- 
leted entirely or at least to the extent of 
omitting regulatory bodies as ineffective 
conservation agencies. Many yas com- 
panies do comparatively little and con- 
sumers do nothing at all by way of con- 
servation. But regulatory bodies can and 
do make effective conservation agencies. 
I would further comment that the second 
sentence of this quotation should have 
been stated approximately as follows: 

“Unless Federal regulation will take ac 

count of and harmonize itself with the ac- 

tivities of the state conservation agencies 
in the matter of conservation, its effort 
seem, as in this case, actually to constitut 

a new threat to the life of the Appalachian 

supply.” 

Other than for this one difficulty, 
seems that there is much of value in 
Justice Jackson’s dissent. He, too, ob 
jects to the exclusion of the $17,000,00 
used for well drilling and classified af 
operations expense instead of capital i 
vestment, and in so doing, says, 

“The allowed rate base thus actually 

determined by the company’s bookk 

ing, not its investment. This attributes 
significance to formal classification in 
count keeping that seems inconsisté 
with rational rate regulation.”® 

The substance of his position wow 
seem to be summed up in these words, - 


“We are confronted with regulation of 
unique type of enterprise which I thifl 
requires considered rejection of much of 
ventional utility doctrine and adoption @ 
concepts of ‘just and reasonable’ rates 
practices and of the ‘public interest 
will take account of the peculiarities ! 
the business.”® 


He then proceeds to go into the det 

of the problem at considerable leng 

He points out the fact that the pru¢ 

investment theory usually works well m 
tIbid., 301. 


®Ibid., 305. 
*Ibid., 306. 
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When the going is toughest, Oper- 
ators turn to Hercules ... it has 
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oil producing ficld as Standard. 
Hercules “Cone Packing” has suc- 
cessfully withstood over 2000 
pounds pressure ... has cut pack- 
ing costs 75% and more in many 
instances . . . eliminates wabblers 
- +. is automatically lubricated ... 
won't burn out if well pumps off 
- + « protects polish rod against 
excessive wear... is easy to in- 
stall and is moderate in price. 
Next time... “Ask for the Cone 
Packed Box.’ 
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cause it fixes rates with relationship to 
the amount of investment, but points out 
there is no such relationship between in- 
vestment and the amount of gas pro- 
duced, using an example, and I shall 
again quote him for the sake of clarity. 


“Let us assume that Doe and Roe each 
produces in West Virginia for delivery to 
Cleveland the same quantity of natural 
gas per day. Doe, however, through luck 
or foresight or whatever it takes, gets his 
gas from investing $50,000 in leases and 
drilling. Roe drilled poorer territory, got 
smaller wells, and has invested $250,000. 
Does anybody imagine that Roe can get 
or ought to get for his gas five times as 
much as Doe because he has spent five 
times as much’ The service one renders 
to society in the gas business is measured 
by what he gets out of the ground, not by 
what he puts into it, and there is little 
more relation between the investment and 
the results than in a game of poker.””!” 


Ultimately, Mr. Justice Jackson seems 
to come to the conclusion that the case 
should be remanded to permit tae Com- 
mission to say what should be the price 
of the product, setting such price arbi- 
trarily on the basis of such evidence as it 
can gather as to the value of the com- 
munity. He, indeed, sets an ambitious 
and difficult task for the Commission. He 
admits that such is not the domain of 
the courts, but urges that the Commis- 
sion can and should undertake the duty. 

There is much in the majority opinion 
with which we are in entire accord. It 
disposes of the contention that the Com- 
mission is bound by the reproduction- 
cost-new formula of rate making. The 
picture of the terrible inequities to con- 
sumers from the high stake guessing con- 
tests so long carried on through the sys- 
tem of appraisals is still too fresh in our 
memory to leave very much to be said 
in its favor. I think that it'must be ad- 
mitted that the chief reasons for going 
to the original cost or prudent investment 
theories of rate making have been found 
in the deliberate abuses of the reproduc- 
tion-cost-new formula by utility interests. 
Any possible or technical advantages in- 
herent in the reproduction-cost-new for- 
mula have been so completely out- 
weighed by the opportunity for wide 
speculation and exercise of improper 
motives that this transition is inevitable. 

Other features of the Hope case are so 
sharply brought into view in the Can- 
adian River case and others that I shall 
pass them for the time being until I have 
mentioned the very few salient features 
of these other cases that I feel require 
comment. 

The Canadian River case involves a 
producer of gas in Texas, which trans- 
ports it, selling some along the way, but 
delivering the bulk of its product to an- 
other pipe line at a point near Clayton, 
New Mexico. Thé Federal Power Com- 
mission, applying the doctrine of the 
Hope case and carrying it to its logic2] 
conclusion, specified rates for its szle for 
resale based upon a rate base. That rate 
base includes all its production prop- 
erties and leaseholds. Part of those leise- 
holds, including five proved leases cover- 





J bid., 308. 


ing 47.000 acres, are valued at $4,244.94 
which is something less than 10 cent 
per acre. This was. of course, done be. 
cause of the fact that $4,244.24 was al} 
the cost that Canadian showed on jts 
books as having been incurred in acqui- 
sition.'! 

I do not have information as to how 
or why those leases were acquired. In his 
special concurring opinion in the case, 
Mr. Justice Jackson mentions that three 
of them apparently cost the company 
nothing and are reflected in the rate base 
at nothing for that reason. 

The Colorado Interstate case and the 
Colorado-Wyoming case do not involve 
any production property at all. In turn, 
these companies simply take and sell 
Canadian’s gas. In the Panhandle East. 
ern case, the issue of the propriety of in- 
cluding production and gathering facili- 
ties was held not to have been properly 
reised and hence was not considered, 

Insofar as the regulatory bodies of gas 
producing states are concerned, it seems 
to me that the implication of these re. 
cent cases raises one primary issue— 
namely, “What disposition should be 
made of production and gathering prop- 
erties in determining a rate base for a 
natural gas transmission company?” 

It is. indeed, unfortunate that the de- 
cision of the court was so evenly divided. 
Four of the justices, speaking through 
Mr. Justice Douglas, hold that they 
should be included in the rate base at 
their original cost. Four of the justices, 
speaking through Mr. Chief Justice 
Stone, dissent. The dissenting opinion 
apparently proposes that such properties 
should be excluded entirely from the 
rate base and that cost of gas should be 
considered as an operating expense re- 
gardless of whether it be company-owned 
production or purchased gas. Both sides 
argue vigorously, drawing their infer- 
ences from the provisions of the Natural 
Gas Act. Each side makes a plausible 
sounding argument. Each places a dif- 
ferent interpretation upon the intent of 
the Congress. 

Although a four to four decision 
would, of course, in effect have resulted 
in the same affirmation of the Circuit 
Court’s decision, Mr. Justice Jackson 
takes the occasion to concur specially in 
the opinion of Mr. Justice Douglas. He 
sets forth reasons of his own, much in 
line with his dissent on the Hope case to 
which I have already referred at length. 
He bases his concurrence upon the futil- 
ity of attacking the problem piecemeal 
and expresses a willingness to go into 
the whole issue of the Hope decision, or 
not disturb it at all. It would appear 
that he has, in this instance, somewhat 
departed from his previous position m 
that, instead of an administrative de- 
termination of the value of the gas an 
an allowance to the company for such 
value gathered from all the facts avail- 
able, he has in this instance suggeste 
the possibility of using a figure to be ar 
rived at through the application of a 





11§ee Colorado Interstate Gas Co. Vs. Federal 
Power Commission, 89 L. ed. (Ad. Op.) 807 (@ 
823). 


THE PETROLEUM ENGINEER, Reference Annual, 1945 








TH 








244.24, 
) cents 
me be. 
was all 
On its 
acqui- 


to how 
« In his 
€ case, 
it three 
ym pany 
ite base 


ind the 
involve 
n turn, 
nd sell 
le East. 
y of in- 
x facili. 
roperly 
red, 

s of gas 
t seems 
lese re- 
issue— 
uld be 
g prop: 
e fora 
y ?” 

the de- 
livided. 
hrough 
at they 
base at 
ustices, 
Justice 
opinion 
»perties 
om the 
ould be 
nse re- 
;-owned 
th sides 
r infer- 
Natural 
lausible 
s a dif- 


atent of 


ecision 
resulted 
Circuit 
Jackson 
sially in 
las. He 
nuch in 
- case to 
length. 
he futil- 
>cemeal 
go into 
sion, or 
appeat 
mewhat 
ition in 
ive de- 
gas and 
or such 
1s avail- 
ggested 
o be al- 
mn of a 


" Federal 
) 807 (at 


|, 1945 








CASING PROTECTORS . STABILIZERS . PIPE WIPERS ° WIRE LINE GUIDES . WIRE LINE WIPERS ° KELLY WIPERS 
KELLY SUB PROTECTORS ° MUD GUNS . MUD GUN NOZZLES ° SWIVEL BAIL BUMPERS . DEAD LINE STABILIZERS 
TRAVELING BLOCK BUMPERS 2 TUBING PROTECTORS 4 SUCKER ROD WIPERS ° TUBING WIPERS 















Drill Faster, Better 
and Safer with 

Patterson-Ballagh 
Products 


WIRE LINE WIPER 


STABILIZER 


MUD GUN 





PATTERSON-BALLAGH 


OIL FIELD SPECIALTIES 


PATTERSON-BALLAGH: - LOS ANGELES | - HOUSTON 10 - NEW YORK CITY 6 


PROTECTOR 


See Composite Catalog 


4-SECTION WIRE LINE GUIDE 


TRAVELING BLOCK BUMPER 


KELLY SUB PROTECTOR 


KELLY WIPER 
DEAD LINE STABILIZER 
SWIVEL BAIL BUMPER 


THE PETROLEUM ENGINEER, Reference Annual, 1945 . 167 































* 


Don't Worry 
About Tomorrow 


Use 
SAND-BANUM 


Jade 








**The Entirely Different Boiler 
and Engine Treatment"’ 


Automatically removes and 
prevents boiler scale and 
corrosion in absolute safety 
while equipment operates. 


Thus, every day celebrates 
Freedom and Independence 
from these hazards to sus- 
tained operations. 


Sand-Banum Brings You 


ECONOMY 
EFFICIENCY 
CONSERVATION 


Write for details of our unqualified, non- 
obligatory test, that you may know the 
New Freedom this patented product has 
afforded for more than 19 years. 


AMERICAN SAND-BANUM 
COMPANY, Inc. 


9 Rockefeller Plaza, New York 20, N. Y. 


Stocks carried by 
WESTERN SAND-BANUM COMPANY 
° Houston, Texas 


and at other convenient points including 
leading supply houses 


Export Representatives 
PETROLEUM MACHINERY CORP. 
30 Rockefeller Plaza New York 20, N. Y. 


* 














168 


“most favored customer test.” He points 
out that this would work rather well in 
the Colorado Interstate case because of 
the fact that a substantial portion of this 
company’s product is sold to the Colo- 
rado Fuel and Iron Company of Pueblo, 
Colorado, at 91% cents per 1000 cu. ft. 
for boiler fuel and 16 cents per 1000 cu. 
ft. for other purposes.'* This being a 
contract that apparently was reached 
after bargaining at arm’s length should 
furnish a good index as to a fair and 
equitable market price. 

It would seem that a difficulty arises 
that the Justice did not explain. Such a 


figure, if applied, would render a fair 


price for Colorado Interstate in lieu of 
including the production properties at 
original cost if Colorado Interstate had 
any producing properties. But, Colorado 
Interstate purchases all its gas from 
Canadian. I am not entirely clear on 
whether or not it would be possible to 
apply Colorado Interstate’s most favored 
customer rate as a basis for Canadian’s 
gas at the wellhead. Mr. Wheat has very 
succinctly pointed these matters out in 
his petition for rehearing filed on behalf 
of the Independent Natural Gas Associa- 
tion of America as amicus curiae in the 
Canadian River case. 

But to lay aside this minor difficulty. 
and to face the broad issue, I ask what 
are the fundamental equities in this 
issue? 

In the first place, it seems to me that 
the application of original cost to pro- 
duction property is not only harmful but 
almost fatal to the cause of conservation 
of natural gas. As I have said before, the 
chief reason for gas wastage is that it 
has been so cheap that it has not been 
worth saving. The inclusion of great gas 
supplies at a negligible figure or at no 
figure at all in a rate base by the Federal 
Power Commission can have no other 
effect than to depress further the value 
of the product. Such action can only 
force the gas to be sold below its in- 
trinsic worth. And such a situation is 
permanent in character, fixing the sale 
price solely on the basis of the checkered 
financial career of gas transmission com- 
panies. Selling at this depressed value, 
the gas is bound to undersell other fuels 
that in themselves are not as valuable as 
is the gas. By this process, this luxury 
fuel is forced to crowd other fuels out 
of great markets, and, at the same time, 
to increase greatly its own consumption, 
without regard as to whether that con- 
sumption is beneficial or grossly waste- 
ful. 

Let me hasten to say that in this com- 
ment I do not mean to find fault with 
or imply any criticism of the Federal 
Power Commission in these decisions. 
Under the present state of the law, I 
frankly do not know what else they could 
have done. Furthermore, the work of the 
Federal Power Commission has been of 
untold benefit in correcting the flagrant 
abuses practiced by many companies. 
Under any conceivable standard, its ac- 
tivities have improved the situation im- 
measurably. 





12] bid., 824. 


But the bald fact remains that because 
of the history of the natural gas indus. 
try great reserves have been accumu. 
lated by companies based upon the out. 
lay of little or no money. This fact was 
recognized in the “Final Report of the 
Federal Trade Commission to the United 
States Senate on the Economic, Corpo. 
rate, Operating, and Financial Phases of 
the Natural-Gas-Producing, Pipe-Line, 
and Utility Industries.” This document, 
designated as No. 84-A and published jn 
1936, was the result of the investigation 
ordered by the Congress upon which 
there was predicated much of the Nat. 
ural Gas Act and its amendments. That 
document states: 


























“Although natural-gas production assi 
materially in the production ‘of oil, 

it has performed that service its prod 
tion in quantities in excess of needs fg 
lifting oil to the surface by gas pressy 
and to supply fuel for pumping, dri 
and other field operations generally is re 
garded by the oil producer somewhat as 
necessary evil, as he is in the oil busine 
rather than the gas business.”13 


We could go even further than thal 
and say that in many instances where ¢ 
interests have not needed funds, the 
practically gave away the gas productic 
and, in any event, it was not capitalize 
for even its cost of discovery and dé 
velopment to say nothing of anywhe 
near its true worth. 

On the other side of the ledger, ther 
seems to me to be an equally impossibh 
situation. In the language of the court, 
we cannot afford to set gas rates at sue 
a level as to allow gas companies a fea 
so that the dominant conservation inte 
ests of the public may feed upon the 
crumbs from the table. The protectic 
afforded a utility through the grant of 
public monopoly at the same time give 
rise to reciprocal duties. Service at the 
lowest cost economically possible, is one 
of the first of such duties. 

What then is the answer? How can we A 
balance the legitimate interests of the 
consumers on the one hand, against the 


necessity of conserving the resource he 
against wasteful practices and wasteful st 
uses? I think at the outset it must be ad- 

mitted that there is not any entirely satis- N 
factory answer available. Certainly, Ir 
there is no answer that will satisfy all le 
the viewpoints of the blind men who are 

examining the elephant. .The answer R 
must be predicated upon the observation p 


of Justice Frankfurter in the Hope case 
that the “public interest” is the ultimate C 
end to be served and his admonition that st 
the “public interest is a texture of multi- 
ple strands.” All phases of the question 
must be considered, the future as well as 
the present, and the social as well as the 
economic. 

I might even say further that I doubt 
if the complete answer can be foun , 
within the framework of the present Nat 





g 
ural Gas Act. After careful reading al ° 
rereading the arguments of Mr. Justid J 
Douglas and Mr. Chief Justice Stone Y 
the Canadian River and Colorado In 
state cases, that observation seems” % 





13Senate Document 92, Part 84-A, page 67. — 


THE PETROLEUM ENGINEER, Reference Annual, 19 





They’ve Got To Be 


RECTORHEAD 


To Have ALL These 
Advantages! 


assi 

il, afte 
produe 
eeds 


pressi 


Simplicity in design 


ly ie All metal... no packing 


“a Welded for strength and 


ere ol 
s, the 
ductio 
italize 
ind ae 
ywhe 


positive seal 


Compactness in height 

r, there 

vossible 

> court, 

me 15 years experience specializ- 
n inte 
on tie 
tectic 
— hook-ups 
e give 

> at the! 


, is one 


ing in surface control 


can we 


ee After 7 years of successfully welding casing suspen- 


inst the sions and seals, thousand of trouble-free surface 
onstine hook-ups prove beyoud question the value of this 
asteful stress-free construction. 

t be ad- 3 

ly satis- No packing necessary for a permanent seal... No 
rtainly, intermediate flanges ...A.P.I. bolts, in size and 
isfy all length, used throughout. 

ho are 

answer RECTORHEAD is the only 2-flange head, with no 
srvation packing, built to A.P.I. specifications. 

pe case 

Itimate Christmas trees to your specifications designed, as- 


ion that sembled and tested in Rector Shops. 


f multi- 
ruestion Hilton Ringuards furnished on order 


; well as 


ive} RECTOR WELL EQUIPMENT CO., INC. 


. dott A Ar. . FT. WORTH, TEXAS 
ent Nat NAN Export LUCEY EXPORT CORP, Woolworth Bidg., N. Y. C. 


i tatives in Active Field 
ing and Representatives in ive Fields 


Justi¢ 
Stone i 
o Inte 
eems # 


ge 67. 





1, 194 
: [rR |TO THE BRADENMHEAD 





me increasingly obvious. To charge the 
federal Power Commission with the 
duty of striking out on a revolutionary 
approach, such as is suggested in some 
respects by Mr. Justice Jackson’s dissent 
and special concurring opinion, would 
seem to me to be placing an unreason- 


able burden upon an administrative. 


body, which would seem entitled to a 
clearer legislative mandate and more 
complete legislative guides and stand- 
ards. 

\ssuming that action by the Congress 
could be secured that would furnish ap- 
propriate authority and standards, it 
would seem that one of two methods 


might be devised to give reasonably ade- 
quate and fair results. 

The first possibility would be adoption 
of some method of fixing a fair price for 
the commodity at the well-head by ad- 
ministrative action along the lines set 
forth in Justice Jackson’s dissent in the 
Hope case. This would have the effect, 
of course, of enriching certain gas trans- 
mission companies. I hesitate to say that 
it would be an “unjust” enrichment. In 
other situations, it might be exactly the 
reverse, and some companies might lose 
thereby. But, it is inescapable that some 
of them would be getting something for 
nothing. 
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Such a result can only be justified 
the grounds of public interest. P 
interest calls for a policy that will ul 
mately provide the greatest good for the 
greatest number. It cannot be measured 
wholly by the standards of the pr 
for the future has a stake in it as well, Jy 
that public interest, the purpose of cop. 
servation is entitled to a full partnership 
with public utility regulation to the enq 
that in the years to come, we and oy 
children may enjoy the fruits of our fore 
sight. 

The second possible alternative would 
be even more drastic and is of a char 
acter that almost makes one hesitate tg 
recommend it. It would be a legislat 
mandate divorcing production and gat 
ering activities entirely from transmi 
sion and sale. 

I say this is drastic because it woul 
constitute a complete reversal of ¢ 
trend of the gas industry over recej 
years. Prudent transmission compani 
have sought production of their own; 
an economic benefit to insure adequ 
supplies and reserves. 4 

But there is much that can be said 
the other side of that policy. Wildcatt 
is essentially not a public utility 
tion. The search for and the discove 
of natural gas (or oil or coal or any oth 
natural resource) is inherently ince 
patible with the staid and regulated 
characteristics of public utility enter. 
prises. Moreover, we have many times 
found it necessary to limit the sphere of 
activity of public utilities, and, for that 
matter, of other companies. The Con- 


gress has declared that railroad com- ? 




























panies cannot go into the business of 
merchandising coal, or, in fact, into any 
business except that of a common car- 
rier. In some cases, it has been found 
necessary to restrict public utilities from 
merchandising appliances. Banks are 
not permitted to do other than a banking 
business. 

More recently, we have found it neces: 
sary to divorce certain utility businesses 
from their non-utility activities under the ] Foy 
Securities and Exchange Commission's | 
jurisdiction. We could multiply these ex- | SU 
amples many times. hav 

And, it occurs to me that there are 
many more potent reasons for separat- 
ing production and gathering fromtrans | hog 
mission and sale in the gas industry than 
exist in some of the other fields that | 
have mentioned. Perhaps many of these 
will suggest themselves to you. One such | Jon 
is suggested by Justice Jackson in his 
Hope case dissenting opinion when he 
pointed out that there is no relationship | jp , 
in gas production between what you pil 
into the ground and what you get oul. 
while it is almost axiomatic that there | gy, 
is a definite and close relationship be 
tween investment and service in ever) 
other type of public utility. 

There seems to me to be little excuse 
for allowing the rate-paying consumer ! 
the burnertip to profit by the. wildcat: 
ter’s good luck or requiring him to pay 
for the wildcatter’s mistakes. Nor } 
there any reason why one consumer, al: 
tached to one liné, should profit because 
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is FIRST with the BEST 


For fifty-four years the Jones organization has pioneered the 
sucker rod industry, working hand in glove with the men who 
have pioneered the oil industry, helping them to solve production 
problems; scientifically determining the type and size of rod 
best suited for the individual well and providing a Jones sucker 
tod to fit the condition. 


Jones is the oldest, largest exclusive manufacturer of sucker rods 
in the world; has to its credit a long list of important “firsts” 
in sucker rod design and engineering service which have been 
@ source of great pride to us and satisfaction to oil producers 
everywhere. 
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General Office and Factory: Toledo, Ohio Sales Office: McBirney Bidg., Tulsa, Okla. 
Export Office: 122 East 42nd St., New York 17, N. Y. 
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A‘STRING’ of 
Jones Sucker Rod 


“FIRSTS 


First to make an all-metal and double 
pin box sucker rod. 


First to end normalize and to fully 
normalize a sucker rod. 


First to use carbon manganese steel 
for sucker rods 


First to use metal pin and box thread 
protectors and automatic ma- 
chines for threading sucker rods. 


First to introduce a low metalloid rod 
to relieve corrosion and load 
problems. 


First to establish a Field Engineering 
Department. 


First to remove mill and forging scale 
by shot blasting. 


First to nickel plate sucker rods. 
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the company that furnishes him service 
has been fortunate in its undertakings, 
or shrewd in its business dealings, or 
lucky in acquiring proved acreage from 
bankrupt speculators, while his brother- 
consumer at another locality is paying 
excessive rates because the utility with 
which he is connected—through no fault 
of his own and without his freedom of 
choice or selection—has been unfortu- 
nate, unlucky, or unwise. 

While the major problem in the Mid- 
Continent and Gulfareas presently is the 
depressed price of the product (which 
price we respectfully submit is far be- 
low its intrinsic worth), it must be borne 
in mind that these remedies we suggest 
might be equally advantageous to guard 


the public against unwarranted high 
prices. This danger is also frequently 
present. In its comment, the Federal 
Trade Commission in its report says: 


“In addition to the difficulties presented 
by interstate movement of gas, the com- 
petitive control of large acreages presents 
distinct problems of State utility regula- 
tion. Two of the principal problems so 
presented are the extent to which valua- 
tions placed on unoperated acreage, in- 
cluding both proven and probably good 
acreages, shall be included in the rate 
base, and the extent to which the large 
amounts expended in lease rentals to 
carry acreage that will not be used, or in 
some cases will not even be drilled to 
prove its value, for many years shall be 
allowed as legitimate operating expenses 
in the determination of present rates. The 
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Follow this blueprint and you'll have 
a perfect fluid-tight wall of cement; 
no channeling; no fluid migration; 
no salt water —no re-cementing! 


PERFECT CEMENT 





BRUCE BARKIS @® KENNETH WRIGHT 


WEST COAST: 3545 Cedar Avenue 
Long Beach. Calif. « Phone: L. B. 4-8366 
GULF COAST: 305 M & M Building 
Houston, Texas « Phone: Preston 9783 











solution of these two questions inyolye 
decisions by regulatory bodies as to th 
extent to which present consumers shalj 
be burdened with the expenses of carryj 
reserves that will not be used until a mor 
or less distinct future time, and the exten; 
to which they shall be required to provide 
a rate of return on fixed-capital inyeg. 
ments involved in the accumulation of 
such future reserves.”!4 


It seems clear that toward the end of the 
life of a reserve, a company’s operating 
expenses to produce a certain amount of 
gas alone might exceed the reasonable 
value of a like quantity of gas from flush 
production, which may be all around it 
This further demonstrates the principle 
that exploration for, and production of. 
natural gas is not a utility function; and 
cost of recovering the product has no re. 
lationship to the value of the commodity 
recovered. The cost of production may 
be less, or more. than the true value 
thereof. 


I have suggested two possible soly- 
tions. It seems to me that either one of 
them would be preferable to the practice 
of applying the original cost doctrine to 
production and gathering facilities. Per. 
haps I should conclude my remarks at 
this point. There is’ one other considera- 
tion, however, that I feel so keenly and 
so deeply that I must impose upon your 
good nature for not more than a minute 
or two longer to mention it. 

I feel that perhaps to one who was 
not acquainted with the history of the 
gas industry, a serious question might 
arise in connection with the concern | 
have expressed in the course of these re- 
marks over “conservation.” I recognize 
that it is somewhat fashionable to com- 
ment that, after all, providence has a 
way of taking care of mankind, and that 
if there is a depletion of one resource, 
that the ingenuity of man and the ben- 
evolence of the Creator will take care of 
it by furnishing an acceptable substitute. 

By and large, that is probably true. At 
least, I shall not endeavor to engage in 
a dispute concerning the efficacy of this 
statement. Society doubtless will man- 
age to get along in some manner after 
the last cubic foot of natural gas has 
been reluctantly coaxed from the earth 
and fully utilized. But. that does not 
mean that great hardships cannot be 
and will not be imposed upon large seg: 
ments of society which have come to de- 
pend upon it. 

I am thinking of a community in my 
own state of Kansas. Years ago, before 
the turn of the century, gas in large 
quantities was found in the southeastern 
part of our state. An economy was built 
up. or rather sprang up. upon the foun- 
dation of that gas. The particular com-’ 
munity I have in mind grew to a city of 
20.000 pepulation with other smaller 
communities around it, of almost am 
equal number. Industries came. Smelters 
were built. Cement plants were com 
structed. Fortunes were spent, and new 
and larger fortunes made. Apparently, 
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HE Chapman List 960 has quick-acting threads for 
Tan opening and closing—they won't stick or freeze. 
Full pressure packing prevents transmission 

of pressure to the stem. Seats and plugs 

can be superhardened for extra severe 
services. 

Chapman List 960 valves in sizes from 

i” to 2—carbon steel for pressures 

to 800 pounds; alloy steel for press- 

ures to 1,000 pounds at 750° F. 

For higher pressures, specify List 990. 


The Chapman Valve 


MANUFACTURING COMPANY 
INDIAN ORCHARD, MASS. 
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NERE'S THE TAPE THAT 
SPEEDS MEASURING IN 
Ole FIELDS! 









EASY TO READ 
MARKINGS THAT ARE DURABLE 


Lufkin “‘Derrick’’ Chrome 
Clad Steel Tapes 





i 
4 
~ 
4 
a 
a” 
163) 
bi ie 
| ees 
ad 





When you’re standing in a 
whipping wind, measuring 
the casing in a derrick, you'll 
appreciate the Lufkin 
Chrome Clad “Derrick” 
Steel Tape. The hook at the 
end of the %” heavy-duty 
line can be readily hooked 
“ on to pipe. Zero falls at in- 
side of hook, so accurate 
measurement is quickly ob- 
tained. Extra strong line— 
built up by plating and cov- 
ered with smooth, rust-resist- 
ant chrome that will not 
crack, chip, or peel. Jet black 
sunken markings are easy to read. 
For accurate measuring at a 
rough-and-ready 
pace, getthe 
“Derrick” from 
your supply 
house. Write for 
free catalog. THE 
LUFKIN RULE CO., 
SAGINAW, 
MICHIGAN, 
NEW YORK CITY. 


[UEKIM FOR ce 


AGCEORACY 
174 


Xx TE Fs TE 





‘. 





“Aye 
Pa 


IAS 


4 


N¢) 


LK 


m4 


% 
"% 
» 
’ 
WA 
a! 
” 
- 
y, 
% 
KIA 
Wy, 
4 
aN 
ar, 


A\4 
yf 








it was thought that the gas would last 
forever. Certainly, from what we know 
now, it was produced and used as if it 
were inexhaustible. Four wells were 
drilled on the four corners of each quar- 
ter section, and when additional produc- 
tion was needed, a fifth well was put in 
the center. Those wells were produced 
at from 60 to 85 per cent of their open 
flow. The goose hung high, and natural 
gas was the foundation of it all. 

And then the inevitable happened. 
The gas supply started downward and it 
failed very rapidly. Eventually, it played 
out almost entirely. The Federal Trade 
Commission report, to which I have re- 
ferred, comments cryptically, 


“Much of the eastern gas and oil area of 
this state (Kansas) has been largely ex- 
hausted of its natural gas.”15 


The smelters and factories closed. The 
people started to leave. The fortunes that 
had been built up dwindled, and finally 
disappeared. The city now has less than 
one-third of its former population, while 
its suburbs are now ghost towns. Today 
the gas supply for that little community 
is still token from these same gas wells, 
but vacuum is being applied to them in 
order to pull it from the earth. The gas 
and the prosperity are gone. The weeds 
have taken over. 

I do not believe that this is sound 
economics or good social practice. I 
readily admit that this boom, as such, 
should not have occurred. Under our 
modern conservation techniques, it 
would not be possible to the same de- 
gree. The authority of the state of Kansas 
would be exercised to see to it that pro- 
duction rates were such that the greatest 
possible recovery would be obtained. 
The gas would have lasted much longer; 
the enterprises, while not as spectacular 
in their rise, would have been more per- 
manent in character. 

There are great potentialities in nat- 
ural gas. At every turn, new uses and 
new possibilities are being developed. 
We are living on the threshold of what 
may be a “gas age.” Insofar as my state 
and all of the other states where the 
larger portion of the gas is found are 
concerned, it represents one of our most 
valuable natural resources. Together 
with petroleum, it is our only source of 
fuel and power of any consequence. 

Today, this important factor of our 
economic life is now being piped out of 
our area in ever-increasing volumes. It is 
being used for every conceivable pur- 
pose, but in the main for uses that 
could be served just as capably by other 
and more plentiful fuels. 

The Federal Trade Commission’s re- 
port gives an example of how far this 
tendency has gone when it says: 


“Consumption of natural gas for the gen- 
eration of electricity by public utilities 
has in recent years become one of the 
major types of consumption. An example 
of the increasing use of gas for this pur- 
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pose is found in the fact that the Souther 
California Edison Company is turn} 
from water power as the principal sourg 
of energy for generating electricity 
steam plants using natural gas for ie 
The company has abandoned some of 
water power filings on creeks and riversip 
the High Sierras, which it had acqui 
against future needs.”2® 


Think of this. It is found cheaper 
consume this valuable resource by by 
ing it under a boiler than to use ¢ 
energy of water eternally tumbli 
downhill! 

The exploitation of this resource 
been prompted in the first instance by 
the desire of transmission companies |” 
which had acquired production, for 
quick profits. The cheaper the produc} 
at the wellhead, and the larger the vob 
ume of sales—the more return was real. 
ized. Sales for inferior uses were made 
on the basis of price, and price alone, 
That price was, and is, the result of-a 
veritable race to “get ours while the get- 
ting is good.” 

The Federal Trade Commission’s re. 
port mentions the struggle against any 
restraint upon that race that has taken 
place when it says: 

















“,.in which each new step in waste pre- 
vention is being subjected to court attack 
by producing interests objecting to their 
imposition.”!7 


And now we find a new element enter. 
ing the picture. The federal control im: 
posed on the industry not only does not 
correct the inequities—but, on the com 
trary, appears to have the practical effer 
of freezing the economic factors an 
eternally keeping the situation in stat 
quo. 

Perhaps we are selfish in feeling 
but we do believe that our gas should be 
utilized as fully as possible and, insof 
as equity and good conscience will per- 
mit, for the upbuilding of our area. 
When it is gone, in many respects we 
shall be like the town I have just de 
scribed. It is true that we have great 
supplies of it. But, when it is exhausted, 
we know the weeds will still be ready to 
take over. : 

It appears to us that gas is now being 
used for some purposes where other and 
baser fuels would sufficiently serve. We 
know that if, under a system of rate regu 
lation, natural gas is forced to undersell 
every other fuel, its withdrawal is bound x 
to be at an abnormally high rate. No 
amount of artificial safeguards can pre 
vent it. And, while we have a lot of gas, 
we do not have enough to undersell 
every other type of fuel forever, and we 
feel that we should not be expected to 
do so. M 

The interest of these producing areas 
constitutes one important member of 
that “texture of multiple strands,” and, 
as such, we sincerely urge must be fully 
considered and adequately protected. 


_ ~~ 
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YOU CAN'T MATCH 


Jobin 





VERSATILE TUBING HEAD 
FOR EFFICIENCY, SAFETY 
DEPENDABILITY, ECONOMY 



































The Larkin Tubing Head handles your sur- 
face control job safely from completion to 
depletion . .. serves as a blowout preventer 
and oil saver while running or pulling tub- 
ing ... is a dependable flowing head .. . is 
easily converted to.pumping or gas-lift .. . 
is forged steel, 4,500 pound test . . . is the 
most economical tubing head in both first 









cost and maintenance, of any head in its 






price range. 










LARKIN ) 


LARKIN 


PACKER CoO., INC. 


ST. LOUIS, MO 


WAREHOUSES: Houston, Corpus Christi, Odessa 
Shreveport, Tulsa, Great Bend, Salem 


EXPORT: 74 Trinity Place, New York City 
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Current and Postwar Problems of the 
Independent Oil Produeer* 


Fie number one job of the oil indus- 
try is to furnish the oil to win the war, a 
war that a few months ago seemed to be 
nearing its end in Europe and was ahead 
of “schedule” in the Pacific. Since then 
we have been faced with the realization 
that we may be far from the end and 
there is likely to be a long hard road 
ahead, a road that will be filled with sor- 
row and heartaches and require all our 
courage, faith, and reserve strength to 
travel. But travel it we must, and it must 
be traveled successfully. 


@ Postwar problems. I must talk to 
you today about what may happen to 
our petroleum industry postwar, unless 
we are on guard and exert our strength 
and influence to prevent it from coming 
about. Material things are of small con- 
sequence when weighed against the loss 
of loved ones. Yet someone must protect 
our country against those who would un- 
dermine it by acts against that which our 
armies cannot defend, acts that may se- 
riously affect the future of those who fight 
for us. There are some, both within and 
without the government, who would sup- 
ply the postwar oil requirements of this 
country from Venezuela, Iran, Lraq, Bah- 
rein, Kuwait, and Saudi Arabia regard- 
less of the effect upon our future. In my 
opinion, independent oil producers con- 
stitute the group that much carry the 
fight to prevent this and other acts, which 
may cause permanent injury to our coun- 
try. 

I would be derelict in my duty as presi- 
dent of the Independent Petroleum As- 
sociation of America if I did not as force- 
fully, as is within my power, bring to 
your attention the problems that are 
likely to confront us at the end of the 
war, if not before. Two are outstanding: 
The price of oil and imports. They go 
hand in hand. An inadequate price for 
oil breught about by uncontrolled do- 
mestic production or from a flood of 
cheap foreign oil can reduce our do- 
mestic oil industry to one of impotence. 
If that comes about, the very safety of 
our nation would be jeopardized. 

Oil producers explore for and produce 
oil because there is either currently a 
market at a price that will return their 
capital investment and show a profit, 
or their inherent optimism leads them 
to believe that if those conditions do not 
then prevail, there will soon come a day 
when they will. Remove that incentive 
and they will no longer search for oil. 
The industry will become stagnant; 
thousands directly engaged in the in- 
dustry and a still larger number in the 





*Presented before Independent Petroleum As- 
sociation of America, Los Angeles, California, 
February 6, 1945. " 

+President, Independent “Petroleum Associa- 
ticn of America, and The Sloan and Zook Com- 
pany, Oil Producers, Bradford, Pennsylvania. 
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By RALPH T. ZOOK{ 


allied industries such as the manufac- 
turers of tubing, rods, valves, pumps. 
pumping units, turbines, motors, engines 
and compressors, will be thrown out of 
employment. Entire communities that 
depend on the revenue from oil produc- 
tion and the taxes from it to maintain 
their existence will cease to be thriving, 
successful areas. 


@ Safety of the nation. That in itself 
might eventually be overcome, but more 
serious is the safety of our nation in 
the event of another war. We all pray 
that this will not come about, but those 
of us who lived through World War I 
hoped. that the present one would not 
take place. Instead, we are now involved 
in a war more horrible and devastating 
than most of us thought could take place 
even in our wildest imaginations. 

The potential oil producing capacity 
at the beginning of this war has been to 
a large extent the source of supply for 
the ever-increasing demand of the Al- 
lied Nations. The Allied cause was saved 
by the oil reserves from the Caribbean 
area and oil from the Middle East was 
forced to take the long route around 
the southern end of Africa because of 
the almost complete control of the Medi- 
terranean area by the enemy. It was the 
United States that supplied the oil which 
enabled the Allies first to check the Axis 
gains and then begin moving to victory. 
This was a lesson that must never be 
forgotten. It, however, has been either 
forgotten or not realized by those who 
would ruin our domestic oil industry 
through inadequate prices and unre- 
strained imports. 


@ Price of oil. The oil industry can- 
not function properly with the price in- 
dex for crude oil so far out of line with 
other commodities as it is at present. 


’ Producers, who have struggled through 


this war era under frozen price while 
costs have risen 30 per cent and more 
and discovery costs have gone up 300 
per cent over the 1940 figure, cannot 
adequately perform the task that lies 
ahead, either during the war or postwar. 
The industry has been liquidating re- 
serves acquired at costs far below pres- 
ent replacement costs. If it were not for 
this, it could not have continued to func- 
tion with wages at an index of 188, all 
commodities at 105, and crude oil at 
only 65. 

The present cost survey on crude oil 
and refined products now being con- 
ducted by the Office of Price Adminis- 
tration should lead to a correction of 
the present inadequate ceilings on crude 
oil prices. The Office of Price Admin- 
istration, although long delayed, has 
now appointed one of the most construc- 
tive and capable industry advisory com- 
mittees in my experience. The form 


for obtaining cost figures will be sent to 
a list of producers carefully selected to 
give a cross section of the industry, in 
this manner making the figures avail. 
able at an early date without undue 
hardship on industry or government. The 
limited scope of the list places a respon. 
sibility on those who receive the ques. 
tionnaire to furnish the information re. 
quested promptly and fully so that a 
true cost picture on production will be 
obtained. My information is that a simi- 
lar committee is being planned for re. 
fining and marketing. 

Higher crude prices will go far to. 
ward assuring a greater supply of oil 
for the war and a healthy dynamic post- 
war industry. A strong oil industry (1) 
guarantees the security of this nation 
in time of war; (2) assures the public 
of a continuous and adequate supply of 
oil and products at fair prices; (3) al- 
lows the States’ natural resources to be 
released in an orderly manner, and (4) 
furnishes the production branch of the 
oil industry with necessary funds to ac- 
complish these results. 


@ Policy on imports. There are some 
who are ready to write off the United 
States as a strong producing nation and 
depend on the importation of foreign 
oil. Others are planning to use the great- 
est oil market of the world, the United 
States, to cure the ills of other countries 
at the expense of our country. The in- 
dependent producer sees in such think- 
ing a definite threat to his existence. 
When I was speaking to the members of 
the Independent Petroleum Association 
of America at the Mid-Year meeting in 
Bradford, Pennsylvania, on April 28, 
1944, I said: 


“If you have access to the right 
sources in Washington you will 
told ‘off the record’ that the postwar 
plan for oil provides for the impor- 
tation of 600,000 bbl. daily from 
South America.” 


A few more illustrations will be suf- 
ficient to show what progress has been 
made in that kind of thinking. 

Henry E. Rose, writing in the Janu- 
ary, 1945, issue of the Ethyl News under 
the title of “Oil for Europe,” states m 
part: 

“When the war ends, it is expected 
that domestic crude oil production 
‘cut back substantially as a conserve 
tive measure . .. Domestic oil dem 
on the other hand, is expected to eX 
ceed the amount of crude being pre 
duced. In consequence, the Uni 
States will have to rely on imported 
oil to meet its total demand, as time 
goes on. According to industry econ 
mists, these imports will range from 
150,000 bbl. a‘day upward; their cal- 
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Do It Right and Do it the First Time 
With A BAKER CEMENT WASH-DOWN 
FLOAT SHOE 


Here's why the Baker Cement Wash- 
Down Whirler Float Shoe provides 
best possible assurance of first-time 
successful results when landing and 
cementing casing. 









Strength—The seamless steel casing shoe into 
which the concrete plug and plastic Ball-Type 
Valve Assembly are securely anchored, provide a 
unit that has the strength to float the longest and 
heaviest string of casing with an ample factor of 
safety. 


PRODUCT 120 


Baker Cement Wash-Down 
Whirler Float Shoe 


Positive Leak-Proof Back Pressure Valve. The buoyant plastic Ball-Type Back- 
Pressure Valve floats in the cement slurry or rotary mud and instantly forms a leak- 
proof double seal against a narrow, tough rubber ring (backed by plastic and 
concrete) at the slightest reversal of pressure. 


Ample Circulation Areas. The correctly designed, streamlined Valve Assembly 
provides passageways ample for any circulating or cementing operation. 


Baffled Whirler Ports. These whirler ports provide the important wash-down 
whirler action so advantageous in circulating and cementing operations. When the 
fluid strikes these baffled ports, a downward and then an upward whirling motion 
results. In running in, this whirling action provides a means of effectively washing 
away bridges. During cementing, the whirling action imparted first to the fluid 
preceding the cement slurry and then to the slurry itself, properly prepares the 
hole to receive the cement. It then assures best possible distribution of a uniform 
body of cement around the shoe and the shoe joint, reducing the hazard of chanrel- 
ing to a minimum. 


Easy Drillability. Complete and easy drillability results from the internal con- 
struction of Baker Formula Concrete and Plastic . . . the Plastic Ball-Type Valve 
Assembly being set on end in the concrete plug to present a minimum cross-sectional 
area to the drilling bit. The concrete and Plastic are quickly and easily drilled up 
and circulated out of the hole. 


BAKER O/L TOOLS. INC. 


Houston—LOS ANGELES—New York 








culations, moreover, make no provi- 
sions for any exports in the postwar 
period. ... 

“At best, the United States will sup- 
ply only such products as aviation 
gasoline, of which it is the largest 
producer in the world, and possibly 
special lubricants... .” 


The Tulsa Tribune under date of 
January 12, 1945, carries the headline: 
“Huge Imports of Oil Looms as Possi- 
bility.” It is a report of a news confer- 
ence with Secretary of Navy Forrestal 
and Rear Admiral A. F. Carter, the Na- 
vy’s petroleum authority. Admiral Car- 
ter is quoted as saying: 

“We likely will emerge from the 
war with tanker capacity to deliver at 
least 500,000 bbl. a day to our coasts 
from foreign fields.” 


The January, 1945, issue of Fortune 
magazine carries a story on the Big 
and Little Big Inch Pipe Lines under the 
title “Two Pipe Lines for Sale.” In dis- 
cussing the use of these lines after they 
have served the purpose of war trans- 
portation, one of the possibilities is: 


“as carriers of imported crudes 
from Eastern ports to Midwestern re- 
fineries ...” 

The article goes on to quote T. E. 
Swigart, president of Shell Pipe Line 
Company, who has made a comprehen- 
sive study of the cost of operation of 
these lines and their future use, as ex- 
pressing the following thoughts: 

“ _. After the war... foreign crude 
may displace increasing amounts of 
the District 3 supply. During the war, 
Caribbean producers, for instance, 
have more than doubled their output, 
and since prewar European markets 
for their crude may be invaded by 
oil from Saudi Arabia, we may want 
to give Caribbean crude a break for 
political reasons. Economically it will 
not be to our advantage.” 


Swigart did not say it should be im- 
ported from South America. In fact, 
he said it “will not be to our advantage.” 
He puts his finger on the danger spot, 
when he says, “It will not be to our 
advantage.” 

All plans for the importation of crude 
oil fade into insignificance when com- 
pared with those of the National Plan- 
ning Association which, in its booklet, 
‘America’s New Opportunities in World 
Trade,” issued during November, 1944, 
recommended the importation of a bil- 
lion barrels of oil annually by 1950. 
This is at a rate of 2,740,000 bbl. daily. 
The estimated price is 75 cents per bbl. 

One would not regard this proposal 
seriously were it not for the fact that 
the National Planning Association has 
among its officers and trustees a num- 
ber of men who now occupy official po- 
sitions in the United States Government. 
The chairman, William L. Batt, is a 
vice chairman of the War Production 
Board as is Clinton S. Golden, vice presi- 
dent of the United Steelworkers of 
America. Other members include Stacy 
May who, until recently, was the leading 
statistician of WPB, and Charles E. 
Wilson of General Electric Company, 
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until recently executive vice president 
of WPB, Beardsley Ruml, treasurer of 
Macy’s, New York, the proponent of 
the Ruml plan for applying income taxes 
to the year in which they are paid, and 
the author of the book, Tomorrow’s Busi- 
ness, is a vice chairman of the Associa- 
tion. 

The recommendations of this board 
concerning petroleum are based on the 
conservation of our natural resources 
“by importing a greater part of the na- 
tion’s requirements for industrial raw 
materials.” The report goes on to say: 


“Prior to the war, domestic re- 
sources furnished approximately 80 
per cent of our industrial raw ma- 
terials. We had already... mined an 
appreciable proportion of our miner- 
als. In some quarters grave concern, 
even then, was expressed over the ac- 
celerating use of petroleum, a vital 
and irreplaceable resource. 

‘“...Among major factors consid- 
ered were: ...the rapid wartime de- 
pletion of certain natural resources 
(petroleum for example) .” 


Estimated demand for 1950 is in the 
neighborhood of the present production 
rate of about 5,000,000 bbl. of petroleum 
and products daily. The proposed bil- 
lion barrels yearly of imports would re- 
duce domestic production by approxi- 
mately 50 per cent. On the basis of to- 
day’s producing rate this would give 
Oklahoma an outlet for 175,000 bbl. 
daily, Texas slightly over 1,000,000 bbL., 
and California 450,000 bbl. 

California’s picture would not be quite 
as good as these figures, which are based 
on a straight 50 per cent cut in produc- 
tion, seem to indicate because such a 
rate of imports would assume the elimi- 
nation of exports. Our total domestic 
production would be reduced to 2,250,- 
000 bbl. daily. 

Picture Oklahoma, Texas, Louisiana, 
California, and other producing states 
with a dying oil industry. Employment, 
taxation, maintenance of schools and 
other public institutions in many cases 
depend almo&t entirely on oil produc- 
tion for their existence. The landown- 
ers would no longer receive the millions 
of dollars they are‘now paid for lease 
bonuses, rentals and royalties. 

If we were to buy all our requirements 
from the cheapest source, there would 
be very little earning power remaining 
since most goods would come from 
abroad where wages are but a fraction 
of that paid in the United States. There 
is no more logic in saying that our oil 
should be produced in Venezuela than 
in saying that our steel should be pro- 
duced and furnished in Mexico, our sil- 
ver and zinc in South America, our wheat 
grown in Canada, and our beef supplied 
from Argentina. 

The consumer of petroleum could 
readily be harmed rather than helped 
from such a program. Those few com- 
panies that are large domestic produc- 
ers also hold the largest reserves of for- 
eign oil. They could readily supply their 
part of the billion barrels of imported 
oil at an attractive profit from their 
foreign holdings. The producers, refin- 

















TABLE 1 
Estimated oil reserves of Middle 
East. 
By E. De Golyer 
(Millions of bbl.) 

Country Proved reserves | Indicated reserves 
ae eer 5,000 to 6,000 6,000 to 7,000 
eee 4, 5,000 
Kuwait....... 4,000 9,000 
Saudi Arabia 

and Bahrein.| 2,000 4,000 to 5,000 
Quatar........ 500 1,000 
15,500 to 16,500 | 25,000 to 27,000 

















ers, and marketers who depend on do. 
mestic oil would no longer furnish the 
competition which has made petroleum 
products one of the greatest dollar values 
of any commodity purchased by the citi. 
zens of the United States. In countries 
where competition is lacking, petro. 
leum products cost at least 50 per cent 
more than in this country. 

The experience at the end of World 
War I should not be ignored in the de. 
velopment of our future course. At that 
time the purchasers of oil bid the price 
from $1.98 average in 1918 to $3.07 
average for 1920. The result was the 
greatest wildcatting campaign in the 
history of the country. New producing 
areas and horizons were discovered that 
eventually added billions of barrels to 
our reserves. Never was the effect of 


‘price more clearly demonstrated. The 


threatened shortage was turned into a 
surplus that is serving the nation today. 

The domestic oil industry has been 
on a starvation diet of inadequate price, 
manpower and materials. Before plan- 
ning its demise it would be well to tum 
it loose and give it an opportunity to 
demonstrate its ability to replace the 
oil reserves depleted during the war 
and rebuild the producing capacity of 
the nation. 


@ Foreign oil. The two principal pro- 
ducing areas that threaten the oil mar- 
ket of the United States, if not the 
world, are the Middle East and the 
Caribbean. The Middle East has been 
recently more in the limelight because 
of the proposed Saudi Arabian pipe line 
as a government-owned project. 

I objected to that pipe line because, 
among other things, it (1) put the 
United States Government into the oil 
business and (2) serious repercussions 
could result from piacing on the mar- 
ket large volumes of oil for which there 
was no foreseeable demand. 

Oil reserves of the Middle East can 
be almost anything you wish to state 
them. DeGolyer reported upon his re- 
turn from an investigation of that area 
that the actual proved reserves amounted 
to 16,000,000,000 bbl. (see Table 1) 
and that the indicated reserves are 
tween 25,000,000,000 and 27,000,000,000 
bbl. Eliahu Ben-Horin, in the December, 
1944 issue of World Petroleum, in dis- 
cussing Soviet demands in Iraq, men- 
tions a possible 50,000,000,000 bbl. or 
more. The Oil and Gas Journal in the 
December 30, 1944, issue says, “more 
liberal technicians contend that 
abundance of favorable structural con- 
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TABLE 2 

Actual and estimated oil production 

from South America.* 
__(BbI. daily 42 gal.) 





1938, 1944, Net 


Country | actual estimated | increase 
Argentina . ..| 46,784 66, 120 19, 336 
Bolivia. . . “e 619 1,161 542 
Colombia 59,129 64,208 5,079 
Eeuador 6,153 6,831 678 
Peru... 43,395 57,377 13,982 
Venezuela 515,545 729,508 213,963 
Others 0 137 137 
Total 671,625 925,342 253,717 





*Qil Weekly, December 11, 1944. 


bbl. daily, and production in Iran will 
probably be sustained during 1945 at 
the present rate of 355,000 bbl. daily 
compared with 279,000 for 1944. Cur- 
rent production in Iraq is 10,000 bbl. 
daily above the 1944 rate. All of this 
adds to a probable production in the 
Middle East during 1945 of 584,000 bbl. 
—an increase of 251.000 bbl. daily over 
the year 1938. 

The Saudi Arabian pipe line seems 
to be pretty well dead as a government- 
owned project, but it is far from that 











—— 


ditions support the high projection of 
reserves to 100,000,000,000 bbl.” I have 
heard these reserves given by a well in- 
formed source as a possible 200,000,- 
000,000 bbl. 

The immense reserves were discovered 
by drilling approximately 160 wildcat 
wells. Anyone of the larger producing 
companies is operating that many or 
more drilling rigs within the borders of 
the United States continuously. To de- 
velop the oil reserves of the United States 
has required perhaps 50,000 wildcat 
wells, 

While oil wells of the United States 
produce barrels per day, oil wells of the 
Middle East can produce theusands of 
barrels daily. When the Axis nations 
were threatening the Middle East oil 
fields, all but five of the 58 wells in the 
Kirkuk field in Iraq were plugged. These 
five wells produced an average of 76,- 
500 bbl. daily during 1944—more than 
15,000 bbl. per well per day. That is 
the kind of competition this country 
will face at the end of the war. That is 
one of the reasons I want to see a sound 
Anglo-American oil agreement, with 
other préducing countries such as Vene- 
mela and Russia joining, before the 
immense potential producing capacity 
developed for war purposes is thrown 
on a market that has no need of it. 


@ South American production. Dur- 
ing 1938, the last prewar year, the oil 
production from South America totaled 
671,625 bbl. daily (see Table 2). During 
1944 it increased to an estimated 925,- 
342 bbl. daily. (See Table 2.) 

Venezuela is reported to be scheduled 
for 1,000,000 bbl. daily: and Colombia 
for 80,000 bbl. daily in 1945. With these 
increases, total South American produc- 
tion will reach 1,212,000 bbl. daily dur- 
ing 1945, an increase of 540,000 bbl. 
daily over 1938. 


@ Middle East production. In the Mid- 
dle East, or Near East as it is described 
IN many instances, the daily production 
was 332,572 bbl. during 1938 and esti- 
— at 433,744 bbl. (see Table 3) for 

An entirely new refinery of 50,000 bbl. 
daily capacity now under construction 
at Ras Tanura on the Persian Gulf just 
north of Bahrein Island, and the en- 
largement of the refinery on Bahrein, 
will give Saudi Arabia an outlet for ap- 
proximately 80,000 bbl. per day com- 
pared with 16, 000 bbl. during 1944, The 
Anglo. Iranian refinery at Abadan has 
been increased to a capacity of 362,000 





TABLE 3 
Actual and estimated oil production 
from Middle East.* 

(Bbl. daily 42 gal.) 











| Net 

Country 1938 | 1944 | increase 
Egypt... 4,331 | 24,500 | 20,259 
Iran (Persia) 214,718 | 278,689 | 63,971 
raq..... 89,433 | 90,164 | ‘731 
Saudi Arabia 1,356 16,394 | 15,038 
Bahrein 22,734 | 23,907 | 1,173 
Total. .. ..| 332,572 | 433,744 101,172 





*Oil Weekly, December 11, 1944. Trends of Crude 
Oil Production by Countries. 











as a privately owned and operated line. 
The oil trade press reports that a re- 
connaissance survey indicates it is a 
practical undertaking and that it may 
present even less construction difficul- 
ties thanthe Big Inch and Little Big Inch 
lines. The planned capacity is given as 
250.000 to 300,000 bbl. daily. This ad- 
ditional production available on the 
eastern shore of the Mediterranean will 
no doubt call for the construction of ad 
ditional refining capacity of the same 
amount. 


Iraq Petroleum now has an applica- 
tion with the Petroleum Administration 
for War for approval of a 12-in. pipe line 
to partly parallel the present 12-in. line 
to Haifa, which would make possible the 
delivery of an additional 115,000 bbl. 
daily from Iraq. 


These two lines when completed will 
add 350,000 to 400,000 bbl. production 
to the 585,000 planned for 1945, bring- 
ing the total very close to 1,000,000 bbl. 
daily from the Middle East area. 


With South American production at 
1,200,000 bbl. daily, this would make 
available 2,200,000 bbl. daily from these 
two areas compared with a prewar 
(1938) volume of approximately 1,000,- 
000 bbl. 


@ Price competition. Oil from the Per- 
sian Gulf can be delivered f.o.b. New 
York via tanker (not through a Saudi 
Arabian pipe line) at an out-of-pocket 
cost of $1.174% per bbl. There is a 
difference in refinery realization of 20 
cents per barrel in favor of East Texas 
oil which brings the competitive cost to 
$1.374 per bbl. If and when the Saudi 
Arabian pipe line is built, this cost will 
be reduced an estimated 13 cents per 
barrel. 

The price of East Texas oil f.o.b. New 
York harbor is $1.62 per barrel (see 
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Table 4), which allows the Middle East 


producer a margin of 24% cents a bbl. 
for profit on production and transpor- 
tation if he sells at a price competitive 
with East Texas. 


A similar calculation shows that in 
the case of competition with Kettlemarf 
Hills’ oil of 38 gravity, the Middle East 
producer has a margin of 254% cents 
per bbl. for profit on the investment in 
production and transportation (see Ta- 
ble 5), which for all practical purposes 
is the same as the Eastern seaboard com- 
petitive situation. 


Kettleman Hills was selected so as to 
offer a California crude as near like 
East Texas as possible. Signal Hill oil 
of 27 gravity was calculated and the an- 
swer was the same. The price of crude 
and transportation costs were lower but 
Middle East oil has a refining advantage 
over signal Hill instead of a disadvan- 
tage as in the case of Kettleman Hills. 


Let us remember that these figures 
are not based on a Saudi Arabian pipe 
line. This oil can be offered in large vol- 
umes at these costs almost as soon as 
tankers are freed from war use. It will 
require but little ‘new drilling, which is 
planned to be completed during the cur- 








TABLE 4 
Competitive cost of Middle East and 
East Texas oil f.o.b. New York. 
(Middle East oil v via Suez Canal) 

Middle East Per bbl. 
Production cost. .... $).10 
Royalty average. . 0.21 
Tanker from the Persian Gulf to New York via 

Suez Canal. Present day, modern | 
foreign officers and crew... .. . 0.61 
ing cosu...... 0.02 
Present tax on imported oil from countries hav- 
ing “friendly nations contract”........ . 0.10% 
Toll charge through Suez Canal... . .. Oo. 
Total out-of-pocket coet.. $1. 17% 
Difference in refinery realization n against Ara- 
ie eee ee 
Total areal onene cost f.o.b. 
MINES 5 soya 0.0 o's sb 35000 Soe baeND $1.3714 

East Texas Per bbl, 
Market price....... ee 
toon daven, published rate....... 0.05 
Pipe line to Gulf, published rate.......... 0.10 
Loading at Gulf....... 0.02 

‘anker to New York. Present day, modern 

tanker, American crew. Foreign crews can- 

not operate coastal vessels... .. . 0.20 
Loading cost......... ; 0.20 
Total f.o.b. New York. . ; $1.62 











rent year. This foreign oil-can be used 
to freeze domestic prices at their pres- 
ent level or lower if offered in volumes 
the market cannot absorb. 


@ World demand postwar. Where will 
all of this oil find a market? During 
1938, the total demand for petroleum 
and products in Europe and Africa 
amounted to approximately 1,000,000 
bbl. daily. Two hundred thirty-five thou- 
sand (235,000) bbl. were supplied from 
within their own boundaries leaving 
765,000 bbl. to be supplied from out- 
side sources. Of this amount 235,000 
(see Table 6) were imported from the 
United States and 340,000 barrels from 
South America and the Caribbean area. 
The remainder was supplied (with the 
(Continued on Page 184) 
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BUILDING THE MACHINES ON 





Lufkin's production for war included tank gears, ship gears, turbo-electric ¢ 
gears, gun carriages, and truck-trailers. 





LUFKIN FOUNDRY & MACHIRN 6 





OVAR HAS VASTLY INCREASEL 
. LUFKINS °= 
facilities and ability to 


BUILD FOR PEACE 


. increased capacity... finer and better pre- 
cision production tools...new metals ...new 
methods . .. men skilled and trained to the exact- 


ing requirements of the machines of war, has put 






LUFKIN in a most advantageous position to pro- 
duce oil well pumping units for peace-time pro- 
duction. 


We have completed 90 %/.of our war production 
contracts. Ship gears—tank gears—cargo carrier 
gears—turbo-generator gears—gun carriages— 
implements of war—all these commitments have 
been completed. Ours was a simple reconversion 


job. Consequently, we are now in complete produc- 





tion of pumping units—in fact, with our enlarged 
capacity and increased facilities, we have already 








exceeded our pre-war production record. 


We are in better position than ever to serve the oil 
industry. 


Consult our nearest office for a delivery schedule. 














(Continued from Page 181) 


exception of a few thousand barrels) 
from the Middle East. 


If European and African demand is 
comparable with that of 1938 during 
the immediate postwar period, there will 
be a market for 735,000 bbl. daily of 
petroleum and products in those two 
continents. To supply that market there 
will be a sure 1,800,000 bbl. and a 
probable 2,200,000 bbl. daily from South 
\merica and the Middle East. In short 
words, there will be 1,000,000 to 1,400,- 
000 bbl. of oil daily “looking for a home” 
from these two sources alone. 


It is pertinent to ask at this time 
whether the statement “equal access to 
trade,” contained in the pledge in the 
Atlantic Charter and reiterated in the 
Master Lease Agreement, means unre- 
stricted opportunity to market this oil 
within the United States. 

Will our government expand the 
Good Neighbor Policy to the point where 
it will follow the recommendations of 
the National Planning Association to 
import 50 per cent or more of our do- 
mestic oil requirements? 

Russia and the Far East are unknown 
factors at the present, but Russia has 
proved reserves of more than sufficient 
magnitude to take care of its require- 
ments. In fact, Drew Pearson got “off 
base” in an article in the December. 
1944, issue of Cosmopolitan magazine 
when he forecast that during 1945 Rus- 
sian oil would be imported into the 
United States and stored in the “de- 
pleted” oil sands of the Pennsylvania re- 
gion. This is impracticable. Russia, 
however, may well become an export- 
ing nation. 


@ U. S. demand. The Committee on 
Petroleum Economics of the Petroleum 
Industry War Council prepared a sum- 
mary of four studies made by individuals 
and publishers, on the probable postwar 
demand for petroleum and _ products. 
These authors assumed that European 
hostilities would have terminated by 
the end of 1944 and the Japanese war by 
the end of 1945, with the exception of 
one who estimated the end of the glo- 
bal war by mid-year of 1945. 


These estimates average 4,424,000 for 
1946 after estimating exports at 282,000 

















TABLE 5 
Competitive value of Middle East 
and California oil f.0.b. Los Angeles 
refineries. 

Middle East Per bbl. 
i ee 
TU INI 9.0: csasascaiiceatmeil eo ten 0.21 
Tanker from the Persian Gulf to Los Angeles 

refincries. Modern tanker, foreign officers 

EES Oe CG Sa Ons: 0.61 
SUNN ai ot... dt nacccied<caohecusean 
Present tax on imported oil from countries 

having “friendly nations contracts”........ 0.10% 
Total out-of-pocket cost........00.0..see0e $1.0414 
Difference in refinery realization against Ara- ’ 

NOU Sw ashtns coche dae AE 0.20 
Total competitive cost, ....cccceess........ $1.2414 
Kettleman Hills’ 38 gravity Per bbl. 
Market price.......... oe ieee ... $1.33 
Gathering and pipe line transportation costs.. 0.17 
ROM TOC MIR. 0 so cheek hie. BES $1.50 





TABLE 6 
United States exports of crude petro- 
leum and products during 1938. 
(Bbl. of 42 gal.) 


n 
| | 











Total | Daily 

Country exports | avg. 
South America*............ 41,436,714 | 113,500 
South America.............| 18,977,277 52,000 
Europe......... wns 82,976,577 | 227,300 
_ ae : 36,196,146 99,200 
Se ee ee 3,551,036 9,700 
MN etic cies. cain 11,092,802 30,400 
See» 502,552 1,300 
Total exports. ..... 193,728,000 | 530,800 











*North America. Includes exports to Alaska, Canada, 
Cuba, Mexico, Panama Canal Zone, Puerto Rico, and 
a small amount of “others.” 

Note: Total exports are reported figures from U. 8. 
Bureau of Mines. Countries by designation are re 
figures from U. S. Department of Commerce. “Un- 
known” includes adjustment covering discrepancies 
between figures from above two sources. 











bbl. daily compared with 531,000 for 
1938 (see Table 6). Current production 
is running approximately 5,000,000 bbl. 
daily. While this is 600,000 bbl. above 
the estimated demand for 1946, accord- 
ing to those who are well informed, the 
country is now producing conservatively 
200,000 bbl. per day beyond the maxi- 
mum efficient rate in order to meet war 
and civilian requirements. Nature will 


also play its part in a natural decline: 


which may make the adjustment less se- 


vere than is anticipated at this time. The . 


state regulatory bodies in those states 
having conservation laws, and the oil 
industry in others must act courageously 
and fearlessly to bring production in 
line with demand and prevent waste 
through holding production to the point 
where unneeded oil will not be placed 
in above-ground storage. 

The drop in demand should be of com- 
paratively short duration. These esti- 
mates show increasing demand until by 
1949 the total averages 4,870,000 bbl. 
daily, including 148,000 bbl. daily ex- 
ports. Three estimates were made for 
1950 which a@erage 5,054,000 bbl. daily, 
including 129,000 bbl. daily of exports. 

I am more concerned about the atti- 
tude of our government towards the im- 
portation of cheap foreign oil than I am 
about our ability to adjust promptly our 
internal production to market demand. 


@ Oil agreement. After getting off to 
a bad start and having many ups and 
downs in its course, the Anglo-Ameri- 
can Oil Agreement seems on its way to a 
successful conclusion. 

The National Oil Policy Committee 
of the Petroleum Industry War Council 
worked long and hard in complying with 
the request of the Petroleum Administra- 
tion for specific suggestions to remove 
industry’s objections to the original 
agreement. I have never worked with a 
group that had greater sincerity of pur- 
pose than the members of this commit- 
tee. It is an experience I will long re- 
member with great satisfaction and 
pleasure. 

The recommendations of the commit- 
tee that were approved unanimously by 
the Petroleum Industry War Council 
were given every consideration by the 
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Petroleum Administrator for War, an 
the industry has reason to believe that, 
new agreement will be submitted 4 
Great Britain that will be satisf, 
both to the government and the oil jp. 
dustry. It is a good example of industry. 
government relationship, when both ap 
working to accomplish the same p 

The original agreement has been with. 
drawn from the Foreign Relations Com, 
mittee of the United States Senate, 
agreement to replace this one should he 
resubmitted as a treaty. Through this 
procedure there will be an opportunity 
for free and open discussion. Goyer. 
ment (through the United States Sep. 
ate), industry, and the public will have 
an opportunity to study and consider 
the final document agreed upon between 
the United States and Great Britain 
and express their views. 

It is through the medium of such ap 
agreement that a postwar world oil war 
may be averted. There must be an or. 
derly offering of oil in international trade 
if there is to be a healthy world oil in. 
dustry and, in turn, a strong domestic 
oil industry. If a world oil war develops, 
the business life of the independent pro. 
ducer will be in jeopardy. The large 
companies that have foreign oil holdings 
will be both the aggressors and the de. 
fenders. They will win either way. The 
independent producer will be the casu- 
alty. 

I believe an international agreement 
on oil would be helpful to independent 
producers that: 

1. Applies only to oil in the interna 
tional petroleum trade. 


2. Has no reference to the production 
of crude oil. 


3. Has a commission set up thereunder 
with advisory powers only. 


4. Cannot be construed to apply to the 
domestic oil industry, and 


5. Specifically permits each country 
to take such action as it may desire 
to limit the amount of petroleum 
to be imported. 


@ A program. The future of the do 
mestic producer of oil, particularly the 
independents, depends a great deal on 
our government’s attitude toward the 
importation of crude oil. The adoption 





TABLE 7 
Imports of crude petroleum and 
products into the United States 
during 1938. 
(Bbl. of 42 gal.) 





Total Daily 
imports avg. 


_—_—_—_—— 





MR ca bien aa 2,124,000 8,559 
Venezuela and Netherland j 
est Indies.............. 50,877,000 | 139,389 
INGE eke li ecccc cee 108,000 296 
0 a ae idee 52,000 142 
Other countries........ 147,000 403 
Total imports.............. 54,308,000 | 148,789 











Note: Total United States imports of crude and prod- 
ucts were obtained from available data aes by 
the U.8.G.S. and U.S. Bureau of Mines. he figures by 


sources of origin, with the exception of crude oil, are 
partly estimated. 
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Vel) BOTH WERE READY IN ‘#1 — 
PN) BOTH HAVE MET ALL DEMANDS 


fe won On Pearl Harbor Day, two 
ai x ’ major West Texas industries Ke 
i) ' "cat girded themselves for an all- bY 
INK : out war—the Oil Industry ire 
‘AS ; PS and its close ally, the Elec- ° 
ry a OS trical Industry. Both were 
as | i ready for action and both be- 
He / sf TH gan preparing a war pro- 
+ LIB gram that has not been found 
oe | || one Ee ws wanting. 
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VAs F : ge Scores of new wells have 
\ a “i Be iS been drilled in West Texas 
—_ — = since we entered the war. 
canal 6 att ied West Texas pipe lines took 
PAL <t "= Dike as on capacity loads and have 
+ i, Waal iS) continuously kept the oil 
: : moving. Increased produc- 

| yi,‘ WA tion schedules were set up 
ML é j) * and maintained. West Texas 
Lay | ' =. refineries converted their fa- 
E It cilities to the production of 

iC high-octane aviation gaso- 

eS ) coe : line constituents and have 
ra ee * made an outstanding record 
in keeping our planes flying. 


UTILITY ELECTRIC POWER MEETS OIL INDUSTRY REQUIREMENTS 


DRILLING ¢ PIPE LINES *© PRODUCTION @¢& REFINING 





























The electric power industry has kept pace with the oil industry in power industry will continue to supply the vital power necessary to 
meeting the ever-increasing demands made on it. And the electric the operation of every phase of the oil industry. 


TEXAS ELECTRIC SERVICE COMPANY 
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tool joint life 


For fifteen years Tube Borium 

has been used on drilling bits 
to increase cutting speeds and drill 
more out-to-gauge hole. Now you can 
use this same alloy to greatly prolong 
the life of your tool joints! 


An exceedingly small quantity of Tube 
Borium welded in a ring around the 
shoulder not only doubles tool joint life 
—even under the toughest operating 
conditions—but maintains over all joint 
strength and correct elevator contour. 
Applications are economically made 
on both new and resleeved joints. 


APPLICATION: Accepted method of eppli- 
cation is to under-cut new or resleeved 
joints at the shoulder to form a recess 
Ve" deep by 142” wide. The recess is 
then filled by 
welding in with eax KZ 
x,” Electric 
Tube Borium to 
form the weer 
resistant inlay. 


Te 
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awe SS SS 
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Write for this spe- 
cial Stoody engi- 
neering bulletin 
describing in de- 
tail hard-facing 
procedures on tool 
joints—no obliga- 
tion 


STOODY COMPANY 


1142 WEST SLAUSON, WHITTIER, CALIF. 
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ENGINEERING 


STOODY 


STCODY HARD-FACING ALLOYS 


Retard wear... Save Kepacr 
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of a policy of importation for a major 
source of supply would freeze domestic 
reserves at their present level or lower. 

Two of the leaders of the oil indus- 
try have enunciated policies towards im- 
ports that could form a basis for a 
sound policy on this most important sub- 
ject, both for our government and in- 
dustry. 


Robert E. Wilson, chairman of the 
board, Standard Oil Company (Indi- 
ana), in an article entitled “The Future 
of our Oil Supplies Assured by Tech- 
nology” published in the January is- 
sue of Mining and Metallurgy, states in 
part: 


“Private industry will never go ag- 
gressively into the development of oil 
from shales and coal as long as crude 
prices remain around the present lev- 
els. It seems to me the sound thing to 
do would be to keep enough oil com- 
ing in so that there will be no lack 
of transportation or legitimate indus- 
try, but not so much as to prevent do- 
mestic crude prices from being high 
enough te keep our geologists and 
drillers hunting for oil and our chemi- 
cal engineers interested in developing 
substitute sources.” 


The Standard Oil Company of New 
Jersey in their booklet, “Oil for the 
World,” issued during the early part of 
1944, stated a policy on imports that is 
in accord with the traditional policy of 
the Independent Petroleum Association 
of America on this subject. It states: 


“ .. that the importation of oil into 
the United States not be. destructive 
to dur own oil industry and domestic 
economy. 

“When oil or oil products must be 
imported to supplement the domestic 
supplies of the United States, this 
should be done without so damaging 
our industry that the finding and de- 
velopment of reserves here would be 
hampered. Hence, imports should be 
admitted only for special purposes or 
to supply requirements that could not 
be met by orderly and efficient with- 
drawals from American fields.” 


Our future security and well-being de- 
mand that industry and government set 
to work earnestly and intelligently to 
provide a program that will lay great 
stress upon the finding and development 
of crude oil reserves within the bounda- 
ries of the United States. 

The statements of policy on imports 
by the Standard Oil Company of Indi- 
ana and the Standard Oil Company of 
New Jersey are constructive. Similar 
statements by other holders of large 
foreign oil reserves and the Department 
of State could go far in assuring the do- 
mestic oil producer and the public that 
our nation will not be dependent on oil 
from foreign lands. 

With such encouragement the oil in- 
dustry of the United States can have con- 
fidence in going ahead to increase the oil 
reserves and producing capacity of the 
nation to make us self-sufficient in both 
time of peace and time of war. y » % 











MODELS 


? to choose from 


(Above) Super 500,000# capacity, 14” dial, 

(Below) Packer Special, Capacity 40,000#, 6” 

dial. 18 other models for every drilling, well 
servicing, or work-over need. 


With a Line Scale you know the pull on 
the line, and the weight on the bit in 
pounds. Accurate, sensitive, rugged, dur- 
able and economical. 

Although we are working at top capacity 
to supply ship yards and the U. S. Navy 
—we are still able to furnish Line Scales 
to the oil industry. Write for folder and 
prices. 


LINE SCALE CO., Inc. 


Phone 2-1765, 907-11 SE 29th S?., Box 4245 
Oklahoma City, Okiachema 


ECOLITE 
S9ZBM 


WITH LOCKING 
DEVICE AND SEALS 




































DOUBLE SAFETY 


APPROVED BY 
_U. S. BUREAU OF MINES 
UNDERWRITERS’ LABORATORIES 


—for use in atmospheres con- 
taining Methane or n gas, 
gasoline or petroleum vapors. 
This double-safety lantern has 
a tamper-proof reflec- 
tor cover with lock- 
ing device and seals. 
Throws 1500 ft. beam. 
Instantly ejects broken 
bulbs ——- cir- 
cuit. Large handle — 
360° pivoting feature 

ves direct illumina- 







ion where needed and 
leaves both hands free 
for work. 


Now at Supply Stores 
ECONOMY ELECTRIC LANTERN CO. 
3100 W. CHERRY ST. MILWAUKEE 8, WIS. 


—, 
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in manufacturing operations 
in tests and measurements 
in signaling and timing 

in communications 


Federal’s FTR-800 Series High-Speed Automatic 
Selectors are available in 3 level-22 point and 4 and 
6 level-11 point capacities. 


Write for full information on this efficient Federal 
High-Speed Automatic Selector. Discover all the ad- 
vantages it offers to you. 


Newark 1, N. J. 
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Water Injection in the Cabin Creek Field, 


West Virginia* 


By C. F. TERRELL, The Pure Oil Company 


@ Locality and geological data of the 
tield. The Cabin Creek field is located in 
south-central West Virginia about 20 
miles southeast of Charleston in Kan- 
awha and Boone counties. According to 
Wassont “this pool is strictly a mono- 
clinical accumulation found in the thick- 
ened lensed portion of the lower part of 
the Berea sand, well down the side of a 
syncline. The lens extends parallel to 
the synclinal axis in a long narrow strip 
over an oil-producing area 12 miles long 
by % to 1 mile wide. The Berea dips 
from the crest of the Warfield anticline 
at the rate of 85 ft. per mile across the 
Cabin Creek pool.” 

The Berea sand ranges in thickness 
from 15 ft. at the lower or downdip edge* 
of the field to about 50 ft. at the upper 
edge, with an average of about 35 ft. It 
is composed of a non-productive cap rock 
of hard white quartzite of practically 
uniform thickness of about 15 ft., and an 
immediately underlying oil-pay section 
of pure quartz sand. The pay sand con- 
tains occasional thin dark shale lenses, 
which are erratic in extent and location 
from well to well. The texture of the pay 
sand varies from very fine grained to 
pebbly. The small well-rounded pebbles 
are found in thin streaks with erratic oc- 
currence and extent throughout the sand 
body. The sand grains are angular with 
cementation, varying from very poor to 
good. 

No formation cores have been taken 
on any of the wells in the older eastern 
end of the field, but some of the wells on 
the newer western end have been cored 
during the past 10 years. The last 13 
wells cored showed an average sand por- 
osity of 154% per cent, with a range 
through the average well of from 20 per 
cent to 10 per cent. The permeability 
averaged 70 millidarcys, and varied from 
355 millidarcys to about 0 through the 
average core. Oil- and water-saturation - 
tests were considered of little value due 
to the flushing effect of cable-tool coring 
methods. Two wells were cored using oil] 
only for the drilling fluid, the results of 
which indicated rather clearly that the 
sand probably contains between 40 and 
50 per cent connate-water saturation. No 
Berea water has been produced during 
primary operations in this field. 

The wells vary in depth from 2400 ft. 
to 3300 ft., largely due to the field’s 
mountainous location. Cabin Creek crude 
is a clear light-amber-colored Pennsy]l- 
vania-grade oil, with an average gravity 


of 47 deg. A.P.I. 





*This paper was prepared and ‘approved for 
presentation before the 1944 annual meeting of 
the American Petroleum Institute. The annual 
meeting having been cancelled, the paper has 
been released for publication at this time. 

+Theron Wasson and Isabel B. Wasson, 


“Cabin Creek Field, West Virginia,” Bull. Am. ~ 


Assoc. Petroleum Geol. 2 (part 2) 705-19 €1927). 
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@ History of the field. 

Primary history. The field was dis- 
covered in 1914. The entire producing 
area is operated by The Pure Oil Com- 
pany, except for a small portion of the 
east end of the field, which is not con- 
sidered in this report. All wells have 
been drilled with a relatively uniform 
700-ft. spacing, and on a staggered tri- 
angular pattern of about 9.7 acres per 
well. ‘ 

In all, 381 productive oil wells have 
been drilled, of which number 251 are 
still producing—the balance having been 
abandoned, shut in, or converted to gas 
or water injection wells. The total 
proved productive area is about 4600 
acres ; only 6 dry holes have been drilled 
in the oil area of the field. 

The initial production of wells varied 
from 10 bbl. to 450 bbl. of oil per day. 
The original rock pressure is unknown, 
except that it was as high as 800 lb. per 
sq. in. Present pressures in the oil-bear- 
ing portion of the field range from 35 
to 65 Ib. per sq. in. 

History of secondary-recovery opera- 
tions prior to water flooding. A gas-in- 
jection program was started during 
1932, which has been extended until it 
now covers practically all'the field— 
although, due to the shape of the produc- 
tive area, many wells are not affected. 

Additional recoveries due to gas injec- 
tion on the older wells probably vary be- 
tween 100 bbl. and 600 bbl. per acre, de- 
pending on the local sand conditions and 


-location of the producing wells with re- 


spect to injection wells. The ultimate 
increased production will probably be 50 
per cent higher than this. Wells com- 
pleted in more recent years will produce 
a much larger volume. 


History of water flooding. In 1937. 


fresh-water injection was started in 3 
wells (No. 1, 4, and 8 in Fig. 1) as an 
experiment. These wells border the up- 
per edge of the oil field. After 39 months, 
injection was discontinued, after 420,000 
‘bbl. of water had been injected. The first 
line of downdip producers showed oil- 
production increases, but went complete- 
ly to water in 6 months or less, except 
well No. 5. Total increased oil produc- 
tion due to water flooding was about 750 
bbl. for well No. 7 and 250 bbl. for well 
No. 11. The production from well No. 5 
started increasing slowly after 2% years 
of water injection, and for the past 3 
years has had a constant oil production 
of 31% bbl. per day with no water pro- 


duction. Accumulated increased. prodyc- . - 


tion.of well No: 5 due to water flooding 
is now about 4200 bbl. of oil. Daily pro- 
duction before the flood was about 1 
bbl. of oil per day. Well No. 19 also was 
affected, but soon went to water. 

Fresh water from 200-ft.-deep water 


wells in the field was used for the injec. 
tion medium. The water was treated 
chemically; but, due to the unexplaip. 
able changing characteristics of ‘the 
water, the treatment was never consid. 
ered successful. After treatment, the 
water was kept in a closed system from 
the time it left the plant until it had been 
injected. Natural gas seals were used at 
all points in the water system where 
vacuum could exist, to prevent entry of 
air and its resulting corrosion and insta. 
bility effects. Water-injection rates 
varied during the period, but the mazxi- 
mum was 25 bbl. per day per ft. of sand, 
with an average of about 8 bbl. 

In the fall of 1939 an open-end 7-spot 
flood was started, using wells No. 13, 23, 
44, 53, and 124 as injection wells, with 
No. 45 as the center producer and No. 
138 as a producer at the open or down. 
dip end. Due to the original drilling pat. 
tern of the field, and also due to the fact 
that it was considered economically 
necessary because of the depth to use old 
wells, the only suitable water-flooding 
pattern was the large 7-spot. This was 
not particularly ideal-due to the narrow. 
ness of the field, but it was considered 
better than the use of a line flood. Wells 
No. 15 and 174 also were converted to 
water-injection wells for the purpose of 
partly completing the adjoining 7-spot 
to the west, centering around well No. 
43. The distances from the water-injec- 
tion wells to the center producer vary 
between 670 ft. and 730 ft. Injection into 
this 7-spot has been suspended pending 
completion of the 7-spot to the east. Oil 
recovery by water flood inside this 7-spot 
has amounted to 1600 bbl. per acre, 
which is 42 per cent of the volume re- 
covered previous to flooding. 

In the spring of 1943 wells No. 18, 47, 
and 64 were converted to water injection 


_wells, with No. 46 serving as the center 


producer and No. 116 as the open-end 
producer. 
Another experimental open ended 7- 
spot was started in the fall of 1941, with 
old wells No. 106, 107, 119, 129, and 131 
as injection wells—using No. 114 as the 
center producer and No. 169 as the open- 
end or downdip producer. Well No. 127 
adjoining this 7-spot also was conve 
to an injection well. The injection- 
to producing-well distances range from 
670 ft. to 690 ft. Recovery by water flood- 
ing inside this 7-spot has heen 430 bbl. 
of oil per acre, which is 31 per cent of 
the total recovered previous to fl 


.Natural and gas injection oil recoveries 


ont this east end of the field indicate the 

presence of the leanest producing pay 

section in the field. 

@ Water injection program. 
Quantity of water injected. The tabt 

lations of “water-injection rates 
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THE PENETRON is an instrument which rapidly and 

accurately provides inspection data on lines, ves- 
sels and their contents without injury to the material 
being inspected. The PENETRON measures the 


thickness of any material from one side only, by 
use of penetrating gamma rays. It also determines 
the density of liquids, locates 
liquid levels or the interface 
\ between two immiscible liquids 
7 Vi Kk | without access to the interior of 
| aa the containing vessel. 





Until the advent of the PENETRON, all the existing 
methods of inspecting materials have been time 
consuming, destructive, or have involved the use of 
cumbersome equipment. The PENETRON elimi- 
nates all existing difficulties by its extreme accuracy 
and portability, the complete unit weighing approxi- 
mately 40 Ibs. Designed by the Texaco Develop- 
ment Corp., the PENETRON has been licensed to 
Engineering Laboratories, Inc., as sole manufacturer 
and sales agent. Your inquiries will receive prompt 
attention. 


Engineering Laboratories, Inc. 


CONSULTING ENGINEERS & MANUFACTURERS 


602-624 East Fourth Street 
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pressures” in Table 1 show a wide varia- 
tion of average water-input volumes 
ranging from 4.4 bbl. to 15.7 bbl. per 
foot of pay sand, with maximums as high 
as 26 bbl. These variable input rates 
were caused largely by the manner in 
which the floods grew, particularly dur- 
ing the early experimental. period. In 
one or more cases the injection wells 6n 
one side of a 7-spot received a large 
share of their required water volume be- 
fore injection had been decided upon, 
and started into the wells of the opposite 
side. This required that the first wells 
utilized in the 7-spot be practically shut 
in until the flood had been balanced. 
There were shortages also of input water 
during certain of the early periods of the 
flood program. Input volumes were 
sharply reduced on certain wells because 
they were found to be definite sources 
of channeling water, which tended to 
choke oil output of center producer. 


Change of injection rate with time. 


The input capacity of theinjection wells, 


is probably a little lower than it was 
when injection was started but, in gen- 
eral, the reduction in rate is of small con- 
sequence. The small change in rate can 
be accounted for by “filling up,” al- 
though there is a possibility that some 
precipitation of dissolved solids in the 
water may have occurred, as air was 
known to have gained entry to the sys- 
tem for a short time. The precautionary 
features of the equipment now used 
practically eliminate the possibility of 
plugging the sand with suspended solids 
carried by the water. te 

Injection pressures. Certain wells, in- 
cluding many on the downdip edge of 
the field, have much tighter sand sections 
than others. Maximum tubinghead pres- 
sures have been limited to 1000 lb. per 
sq. in., which amounts to about 2300 Ib. 
per sq. in on the sand face for the 
average 3000-ft. well. Because this is 
well below the theoretical overburden 
lifting pressure, no sudden breaks in the 
input-pressyre curves of these wells have 
ever been noted that might indicate an 
overburden “breakthrough”’ As men- 
tioned previously, this has not actually 
been confirmed by test, but sufficient data 
have been taken for confirmation. 

Injection well completions. All injec- 
tion wells have been converted from old 
wells. Original producing-well comple- 





FIG. 1 
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tion practice for the average 3000-ft. 
well included a string of 8%-in. OD 
casing set at about 1700 ft. through the 
water-bearing salt sand and a 7-in. OD 
oil string set at about 2360 ft. in the top 
of the Big Lime. The Big Lime was left 
uncased, and a 5%-in. OD liner ex- 


tended from there to the Berea. In later 


years all the liners were pulled, leaving 
about 600 ft. of open hole above the 
Berea. In this interval the Big Lime, as 
well as the Weir sand, sometimes pro- 
duces small quantities of gas. Immedi- 
ately on top of the Berea sand is the 
Coffee shale, about 12 ft. thick. The wells 
were originally shot with from 4 qt. to 
5 qt. of nitroglycerin per ft. of pay sand, 
and many of the wells have had a second 
—and occasionally a third — shot of 
about 10 qt. per ft. of pay sand. 

A caliper survey was run on two of the 
wells before conversion for water injec- 
tion. The survey at well No. 64 showed 
that the hole through the pay sand 
varied from 11 in. in diameter to an un- 
known maximum size beyond the 30-in. 
diameter range of the caliper. This well 
had been shot 3 times previous to the 
survey with 40 qt., 80 qt., and 60 qt., re- 
spectively. The calculated volume of the 


















































be if TABLE 1—Typical water injection rates and pressures. 
No. 45 seven-spot 
Le tg MEO eh BR Ae ey Bee CS EOP Eee 13 23 44 58 124 Avg. 
TRMORNONG OF PEF GONE TEs. oss oes cc nncee cc 15 14 13 17 11 14 
Accumulated water injected, M. bbl............... 137 92 127 115 104 115 
Input rate, daily average, bbl.................... 87 88 120 74 101 92 
Input rate, daily maximum, bbl.................. 265 150 175 225 170 ae 
Input rate per foot of sand, average, bbl........... 5.8 6.3 9.3 4.4 9.2 8.2 
Input rate per foot of sand, maximum, bbl......... 17.6 10.7 13.5 13.2 15.4) ... 
Tubinghead pressure, maximum, Ib. per sq. in...... Vacuum | Vacuum 120 | 140 750 | i 
ma | call 
No. 114 seven-spot 24 - 

SORA Toe Ee ee ee 106 107 119 129 131 Avg. 
Thickness of pay sand, ft..................000085 li 11 8 11 16 11.4 
ccumulated water injected, M. bbl............... 121 93 9t 121 93 104 

Input rate, daily Teh en ya ee 142 133 103 173 118 132 
Input rate, daily maximum, bbl.................. 250 200. 210 250 210 peal 
Input rate per foot of sand, average, bbl........... . 12.9 12.1 12.9 15.7 7.4 11.6 
Input — foot of sand, maximum, bbl......... - 22.7 18.2 26.3 22.7 13.1 e. 
Tubinghead pressure, maximum, lb. per sq. in...... 525 650 550 550 
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hole through the 11 ft. of pay was about 
35 cu. ft. The same approximate cond: 
tion existed in the other well that was 
calipered. It was interesting to note that 
the Coffee shale immediately above the 
Berea showed considerable cave, and in 
one of the wells surveyed the inaximum 
diameter through this section was be 
yond the 30-in. diameter range of the 
caliper. Both wells showed not overa 
5-ft. interval of the non-productive Berea 
cap in which the hole diameter was small 
enough to provide an adequate packer 
seat. : 
Until very recently the method of com 
verting these wells for injection was @& 
follows: d 
The shot hole was cleaned out and 
2-in. tubing with a special 7 by 2 by 16 
in. gas-anchor packer was set in the 
Berea cap. It was very difficult to finda 
place in the hard cap sand in whicha 
packer would hold. In most wells it W 
necessary to run the packer two or 
times before an adequate seat was foum 
The packer seal was checked by 
izing the formation gas pressure inf 
annulus and in the tubing; and 
with a recording gage on the ann 
the pressure in the tubing was blown 
If the pressure in the annulus contintt 
to hold, it was assumed that the pa 
was seated adequately. Although all the 
jobs completed in this manner have 
successful, it is considered hazardous be 
cause, even though the packer holds 20 
to 30 lb. per sq. in. gas pressure, 
is no assurance that it will hold a 200 
or 300-ft. column of cement. 


After the packer test had been taken. 
about 1 cu. ft. of. small mud balls was 
dropped down the annulus on the pack 
er. A string of 1-in. extra-heavy tubing 
was then run down the annulus to 
packer, and about 35 sacks of quick-set 
ting cement was then pumped down the 
l-in. macaroni pipe to the top of the 
packer, after which the 1-in. tubing wa 
pulled. This amount of cement usua 
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TABLE 2 
Chemical analysis of injected salt 
sand water and produced water 














Injection of | Produced 
Sat. Sees 
iter passing o. 45°, 
sand filter, | grains per gal. 
grains per gal. 
ee OT 0.25 
Caleium—Ca.......... 99 246 
Berium—Ba........... 9.4 3.3 
Magnesium—Mg....... 17.6 37.5 
Sodium—Na........... 450 832 
Potassium—K......... Trace 
Bicarbonate—HCO3.... 17.0 6.6 
Carbonate—CQ;....... 0 0 
Sulphate—SO,......... 0.2 0.59 
Chloride—Cl........... 889 1820 
Bromide—Br.......... 57.3 8.5 
lodine—I.............. Trace Trace 
Total solids—determined 1540 2957 
Total solids— after 
P evaporation.......... - _ a pon 
pecific gravity......... ; C32 
ree 4.75 4.8 








“Sample taken after well had p:.duced 2000 accu- 
mulated barrels of water over a 7 months’ period, at 
which time this well had produced 45 per cent of its 
ultimate flood oil. 











filled up about 200 ft. of the hole. After 
the cement had set, the annulus was 
filled to the surface with local mud. 

The foregoing procedure is very haz- 
ardous and the result uncertain, particu- 
larly the running of a 1-in. macaroni 
string down a 3000-ft. annulus. The use 
of this small pipe also necessitated using 
a very thin cement slurry. 

Because there were some wells in 
which a packer could not be set at any 
point in the Berea, due to previous shots 
and fishing jobs in the cap rock, it was 
decided to adopt a procedure eliminat- 
ing the use of a packer entirely. Using 
an especially made dump bailer, a clean- 
ed-out shot hole was filled with washed 
gravel to about 5 ft. above the pay— 
grading the gravel from about 3% in. at 
the bottom to pea size at the top. About 
4 ft. of washed, fine Ohio River sand 
was then dumped on top of the gravel. 
Following the running of 2-in. tubing 
to within 2 ft. or 3 ft. of the sand bed, 
with 5%-in. by 2-in. swage on the bot- 
tom, 4 per cent aquagel was pumped 
down the tubing and up the annulus to 
the surface, after which the tubing was 
set down into the sand bed. The 1-in. 
macaroni string was then run down the 
annulus and the 2-in. cemented in place, 
the same as in the first procedure. The 
macaroni string was removed from the 
annulus and then run down the inside 
of the 2-in. tubing to the top of the dump- 
ed sand. Filtered water was then pump- 
ed down the 2-in. by 1-in. annulus and 
up the l-in—washing out the gel and 
the sand until the well was considered 
taking sufficient water. The macaroni 
string was then pulled and water injec- 
tion started. ‘ 

To eliminate the hazard of running 


the l-in. macaroni pipe and to hasten the ~ 


placing of the gravel and sand in the 
shot hole, the process was again chang- 
ed. The procedure, as now practiced, 
consists of cleaning out the shot hole as 
usually, and then running 3-in. regu- 
lar tubing to the Berea cap. The same 
amount of gravel and sand as described 
in the previously used method is then 
poured down the inside of the 3-in. tub- 
ing rather than dumped with a bailer; 5 
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per cent aquagel is then pumped down tion of permeabilities of the sand, it j, 
the tubing and up the annulus to the sur- felt that the overall success of flood; 

face, after which a one-plug cement job this field may hinge on its developmen, 
is performed through the tubing—stop- It is hoped that some tests along they 
ping the plug a short distance above the lines can be started in the near futur. 
bottom of the tubing. The tubing is then Methods of application, as well as th 
set down into the sand bed, and the tub- type of plugging agent that will be gy. 
ing and casinghead shut in to allow the cessful, conseivably will be differen; 


cement to ~et. Atter the tubing has been from those required in shallower field; 
swabbed, the plug and cement are drill- where new wells are drilled and the pay 
ed out, and with the use of a sand pump section is thicker. 

the sand bed is cleaned until water Injection well surface equipment, 
passes through at a satisfactory rate. Each injection well is equipped with 
This method of completing injection meter, an éspecially designed “Aloxite” 
wells is superior to the previous methods, filter assembly, input-rate adjusting 
but there are still some disadvantages. valves, and a gas seal on the tubinghead, 
Completion with the gravel and sand in The filter consists of a 65-in. OD by 2%. 
the shot hole eliminates the future use ft. long pipe mounting for a cylindrical 
of selective plugging agents except for “Aloxite” stone. This stone consists of 
those which would be in solution. Sur- chemically-refined, inert, crystalline aly. 
veys in the shot hole, which later may be mina grains of selected size which haye 
desired, would also be impossible. It been ceramically bonded together to give 
would be possible, however, to clean out a filter medium of known and uniform 
the shot hole for such surveys through porosity and permeability. The assem. 
the 3-in. tubing, but it would of neces- bly is arranged for backwashing as re. 
sity be a slow and expensive job. One quired. Two small plug-type globe valves 
particular advantage of having the are arranged in parallel for adjusting 
gravel and sand bed in the hole is that input rates. The entire well head and 
any suspended matter in the water en- equipment in the past have been covered 
tering the well will be deposited on the with a sheet-iron building, about 10 ft 
sand bed rather than on the pay face, square, which is heated in the winter. 


the sand bed acting as a safety filter. The newer wells are equipped with a 
Any plugging of the sand bed can be small steel housing just large enough 


readily cleaned with a sand pump or, to cover the equipment, arranged to 
in most cases, by swabbing. slide out of the way for inspection. 
Injection-well cleanout practice. One Some trouble has been experienced 
of the early wells which was completed with the gas seals on the tubingheads of 
with a packer and a native-mud load the injection wells. These seals are fed 
without cement eventually lost its pack- from the low pressure field fuel system 
er seat due to the excess pressures ap- through a small regulator and check 


plied. Some of the clay above the packer valve to the tubinghead. At certain in 
reached the pay sand and plugged it jection rates and pressures the check 


completely. When the packer was re- valves operate at a critical point, allow. 
moved for reconditioning the hole, no ing water to seep slowly through them 
trace of the clay was found in the shot and enter the fuel system. The fuel sys 
hole. The well was cleaned out, shot, tem drowns out and shuts down an entire 


and the adopted improved method of section of the field from lack of gas. 
completion used. The intake capacity of The use of a smaller check valve seemed 


the well was increased, but was still con- to be the logical answer; but, due to the 
siderably lower than before the packer- risks involved, it was decided to build a 
seat failure. The well was then swabbed, simple float-operated check valve that 
recovering a large quantity of clayish would be more positive and foolproof. 
material which may have been the na- @ Flooding water. 

tive clay used for the original packer Source of flooding water. Water for 
load or salt-water-contaminated aquagel flooding operations was obtained by 


which may have found a path around plugging back and recompleting nov- 
the dumped sand bed into the pay sand. _ productive oil wells in the Salt sand. This 
Complete tests have not been taken since sand varies from 250 ft. to 300 ft. in 


that time, but there is every indication thickness, an unknown portion of which 
that the intake rate will be satisfactory. is water-bearing, and is found at a depth 
There has been no occasion for using of about 1200 ft. in the average well. 
other known methods of injection-well Source water well completion includes 
rejuvenation. No selective plugging has the setting of a 7-in. OD perforated liner 
been tried; but, due to the wide varia- through the sand. The wells are pum 


— 


TABLE 3—Chemical data of untreated and deaerated fresh creek watert . 








Untreated water at Untreated water at Deaerated water at Deaerated water at 





























plant intaket plant discharge water-injection 
Constituent Parts per million 
*Oxygen—O:........ 8.8 aes None None 
eer 1.0 1.2 0.6 : 
lardness............ 256 264 280 280 
Methyl alkalinity..... 30 34 -° 38 28 
es m 6.8 eae 7.2 7.2 
*By Winkler test. {Alum coagulation not used at time of test. 
tAfter untreated water from the creek had passed through about 4000 ft. of wrought iron and 2000 ft. of steel 
e pipe. 


— 





THE PETROLEUM ENGINEER, Reference Annual, 1945 








Ee hl! 


| 


a Gh 0 Ge ot Go & 22 op ae 





d justing 
inghead, 
D by 2\. 
‘lindrical 
Nsists of 
lline alu. 
Lich have 
er to give 
uniform 
e assem: 
Ng as re- 
be valves 
adjusting 
read and 
n covered 
put 10 ft 
e winter, 
d with a 
> enough 
anged to 
ion. 
perienced 
zheads of 
s are fed 
el system 
nd check 
ertain in- 
he check 
nt, allow: 
ugh them 
. fuel sys- 
an entire 
k of gas. 
ye seemed 
Jue to the 
to build a 
valve that 
olproof. 


Water for 
ained by 
ting non- 
sand. Thi 
300 ft. in 
| of which 
at a depth 
rage well. 
. includes 
ated liner 
e pumped 


atert 


—_——— 


| water at 
ction well 











val, 1945 








/ 


is 
(ay 
NOW MANUFACTURES 


HORIZONTAL 


AS WELL AS 


VERTICAL 


VERTICAL 
& HORIZONTAL 














WYTEFACE “A” Steel Tapes 
have raised black graduations on 
a crack-proof white surface. Easy to 
tead in any light, from any angle. Faster 
measurements with fewer errors. Designed 
for hard service. White background is 
protected by raised steel markings and 
tims. Resists abrasion from fails, pipe, 
tocks, concrete. Protected against rust. See 
your supply house. Write for catalog. 
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4% Guaranteed 


RIFEID 
Heavy-Duty Pipe. Wrench 





@ It looks different —but the real difference is in 
its performance. The housing simply won’t break 
or warp —no bother or expense of repairs. Full- 
floating hookjaw (with handy pipe scale) and re- 
placeable heeljaw take hold instantly, won’t lock on 
pipe. Adjusting nut in open housing spins to pipe 
size. Powerful comfort-grip I-beam handle eases 
hard pulls. Ask your Supply House for the rugged 
work-saver Rigaip. We’re manufacturing more of 


them than ever, but 
‘ — Strap Wrench, pipe to $s 


it’s not enough— 
WORK-SAVER PIPE TOOLS 


please be patient. 
THE RIDGE TOOL COMPANY - ELYRIA, OHIO, U.S. A. 
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with a standard rig using 3-in. tubing. 
No attempt has been made to increase 
the water productivity of the wells by 
shooting or other means because of the 
variable peculiarities of the sand from 
well to well. Initial salt-water produc- 
tion per well varies from 550 bbl. per 
day to 185 bbl. per day, with an average 
of about 420 bbl. per day. Even though 
well spacing has been purposely kept 
at about 1300 ft.; the decline in water 
production has been very rapid, amount- 
ing to about 20 per cent per year. 
Chemical characteristics of flooding 
water. Table 2 shows the chemical an- 
alysis of injection salt water after it has 
passed the sand filter at the main pump- 
ing station. Because of the method of 
handling the water through a complete- 
ly closed system, there has been no pre- 
cipitation, algae, or corrosion problems 
—except for one short period when a 
small amount of air entered the system 
causing rapid corrosion of lines. Addi- 
tional precautionary measures were 
taken which solved this problem. Table 
2 also shows analysis of the water pro- 
duced from well No. 45 when salt water 
was being used for injection. 
@ Water plant and system. As pre- 
viously stated, the flooding water is kept 
in a closed air-free system from the time 
it leaves the source-well producing sand 
until it reaches the Berea pay in the in- 
jection wells. Because of mountainous 
terrain, a closed system is difficult to 
maintain—requiring effective protective 
measures. Water flows by gravity from 


the source wells to four 250-bbl. steel 
gas-sealed storage tanks near the water- 
injection plant, through a rapid sand 
filter, and thence into the power pump 
in the main injection plant for pumping 
to the field. 

To prevent the entrance of air, each 
source well is equipped with a low-pres- 
sure gas seal on the casinghead. In ad- 
dition, a 40-ft. gas-sealed stand pipe is 
installed at the well, on the lead line, to 
prevent the entrance of air through the 
stuffing box. 

The injection plant consists of a 3000- 
bbl. per day standard-design rapid sand 
filter arranged for backwashing by grav- 
ity with raw water from the storage 
tanks. The 3-in. by 10-in. duplex-piston 
power pump is endless-flat-belt driven 
from an 80-hp. 2-cycle horizontal gas en- 
gine. Discharge pressure at the plant is 
manually-controlled at about 1200 Ib. 
per sq. in. 

All pipe lines from the source-water 
wells to the plant and thence to the in- 
jection wells are common steel pipe, 
some being seamless and some continu- 
ous-weld construction. All injection wells 
are also equipped with seamless-steel 
tubing. 

As mentioned previously, there have 
been no apparent corrosion problems in 
the entire system, except during one 
short period when air was found to have 
entered the system. At this time several 
hundred feet of pipe were replaced be- 
cause of severe pitting along the top in- 
side portion of the pipe. 
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In the Pauls Valley Field, in Oklahoma, you will find this 


heavy-duty pumping unit doing a first-class job of work for 
the Pure Transportation Company. The outfit consists of a 2-GR 
Worthington Pump, direct-connected to a Model AHH 4-cycle 
Single Cylinder Engine (7 to 9 hp.) through a Clutch Reduction 
Assembly, supplied by Wisconsin Motor Corporation as an 
integral part of the engine equipment. 


The all-weather serviceability and extreme adaptability of 
Wisconsin Heavy-Duty Air-Cooled Engines to all types of equip- 
ment and service applications within a 1 to 30 hp. range have 
won for them a top rating with operators who don't want to 
fool around with anything but the “best” in oil field equipment. 


WISCONSIN MOTOR 


Corporation 


MILWAUKEE 14, WISCONSIN 


tHeavy-Duty Air-C 











WRITE TO HARLEY SALES CO. 


510 Atlas Building, Tulsa, Oklahoma 


M & M Building, Houston, Texas 


Oil field distributors for Wisconsin 
Engines and all types of utility units. 









@ Latest expansion of project ang 
changes made to improve plant design, 
Expansion of the flooding experiments 
is now under way. The new project ip. 
cludes 4 contiguous open-end 7-spots 
immediately west of the flooded-out No. 
45 7-spot. Due to the high cost of the 
previously used Salt sand water, the 
system has been switched to fresh water 
available from 2 nearby creeks. The ip. 
jection plant has been doubled in size, 
and the plant system changed to the ex. 
tent of adding a vacuum water-deaerat. 
ing tower and of installing spreaders jn 
the storage tanks to convert them to 
coagulant sedimentation tanks. 

With the new setup, creek-water gravi. 
tates into an earthen dyke-type lake of 
about 50,000-bbl. capacity. Water from 
the lake is picked up by a variable-speed 
motor-driven centrifugal pump and 
boosted to the top of the vacuum tower 
located on the mountainside about 90 ft. 
above the plant and 45 ft. above the 
sedimentation tanks. The water then 
gravitates out of the bottom of the vacu- 
um tower into the sedimentation tanks, 
and thence to the sand filters and surge 
tank in the plant for pumping to field. 

Alum and calcium-hypochlorite solu- 
tions are proportionately fed into the raw 
water at the inlet side of the centrifugal 
pump, and the coagulated water is clari- 
fied in the sedimentation tanks before 
passing to the sand filters. ° 

The vacuum tower is 25 in. in diameter 
by 38 ft. high, and is packed with porce- 
lain raschig rings. A rotary-type vacuum 
is connected to the top of the tower and 
maintains a high vacuum throughout the 
inside, sufficient to boil the water. The 
construction of the tower is rather sim- 
ple, and very little operating attention 
is required. It is believed that its use 
gives positive water-corrosion control, 
which is not always the case when cor- 
rosion-correcting chemical treatment is 
used. 

The high vacuum removes all the 
oxygen (detectable by the Winkler test) 
as well as other gases in the water. This 
greatly assists in making the water chem- 
ically stable and non-corrosive. Chemical 
tests made since the completion of this 
plant are shown in Table 3, “Chemical 
Data of Untreated and Deaerated Fresh 
Creek Water.” It will be noted that the 
untreated water, as it arrives at the plant 
intake, has picked up 0.2 p.p.m. of iron 
while passing through about 4000 ft. of 
wrought-iron and 2000 ft. of steel line 
pipe en route from the creek. This is 
proof of the corrosive nature of the un- 
treated water. The deaerated water, how- 
ever, does not change in iron content or 
other constituents between the plant and 
the injection wells in the field, indicating 
the complete stability and non-corrosive: 
ness of the treated water. 


@ Acknowledgment. The writer wishes 
to express his appreciation to the fol- 
lowing who have been kind enough to 
furnish their valued constructive crit 
cism: Sam S. Taylor, Federal Bureau of 
Mines; and H. J. Lowe, and R. H. Cart, 
of The Pure Oil Company. kn 
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Butane Dehydrogenation by the Houdry Process 


R. C. LASSIAT, Houdry Laboratories, Catalytic Development Corporation 
F. D. PARKER, Bechtel-McCone Corporation 


THE dehydrogenation of light hydro- 
carbons has attracted considerable at- 
tention in recent years as a means for 
making the large quantities of natural 
gas consitituents available for manufac- 
ture of petroleum constituents, chem- 
icals, and chemical intermediates. At the 
beginning of the present war, major in- 
terest was focused on the production of 
butadiene,—the principal constituent of 
Buna-S synthetic rubber. Buna-S rubber 
production represents approximately 83 
per cent of the total planned U. S. syn- 
thetic rubber production."! 


@ Previous work. The literature con- 
tains numerous references to theoretical 
and laboratory studies of dehydrogena- 
tion yields, operating conditions, and 
catalysts.® °° It has been known for 
a number of years that normal butane 
can be dehydrogenated to butylene and 
butadiene at elevated temperatures in 
the presence of metallic oxide catalysts. 
One of the catalysts that is most attrac- 
tive from the point of view of cost, ac- 
tivity, and ruggedness is chromic oxide 
supported on alumina !: *: *-°, While the 
literature indicates that attractive yields 
are obtainable with this catalyst, the de- 
tails of catalyst manufacture, operating 





*Presented before California Natural Gasoline 
Association, Los Angeles, October 13, 1944. 


conditions, heat balances, process and 
mechanical features of the equipment in 
which the reaction can be carried out 
commercially had to be developed by 
technical groups active in the field.*:5: 7 
The basic chemistry of the dehydrogena- 
tion reaction is briefly illustrated below: 
n—C,H,,—>n—C,H, + H, 
(normal butane )<-(normal butylene 
-+- hydrogen) 

n—C,H, —> C,H, + H, 

(normal butylene) <— (butadiene 
+ hydrogen) 

The above reactions occur to an ap- 
preciable extent only at temperatures 
above 900°F. 

Table 1 presents equilibrium values 
for molecular fraction of n-butane, bu- 
tene-1, and butadiene 1, 3 as calculated 
from thermodynamic considerations by 
Gruse and Stevens.® 

Table 2 lists equilibrium olefin con- 
centrations as calculated from data of 
Gruse and Stevens," Kassel, and Pitzer. 
The work of the latter authors on this 
subject is summarized by Grosse and 
Ipatieff.* While the absolute values of 
equilibrium constants are at variance, 
the magnitude of per-pass conversions is 
indicated. 


10 


@ Description of the Houdry adiabatic 
dehydrogenation process. Dehydrogena- 


tion is accomplished by passing the pre- 
heated hydrocarbon vapors under con- 
trolled conditions of space velocity, tem- 
perature, and pressure over catalysts of 
the chromic oxide (Cr,O,)-alumina 
type. A study of their catalytic behavior 
as related to their physical and chemical 
characteristics has resulted in the prepa- 
ration of materials of controlled and 
highly selective activity suitable for vari- 
ous dehydrogenation charging stocks de- 
scribed in this paper. 

During the reaction period a large 
amount of heat is absorbed due to the 
heat of reaction which is of the order of 
1000 B.t.u. per lb. of butene produced 
from butane, 2000 B.t.u. per lb. of buta- 
diene produced from butane. In addition 
to products of dehydrogenation, fixed gas 
is liberated and coke is deposited on the 
catalyst. This coke has to be burned off 
periodically in order to restore the initial 
catalyst activity. 

The characteristic feature of the Hou- 
dry dehydrogenation process is that the 
operating conditions are so chosen that 
the heat used for the reaction during the 
on-stream period is substantially the 
same as the heat developed by the com- 
bustion of the coke deposit. Further- 
more, the heat capacity of the catalyst 
bed is controlled by mixing with the ac- 
tive catalyst in the form of pellets, a cata- 





FIG. 1. Dehydrogenation of n-butane adiabatic 
unit. 7 in. Hg abs. pressure. Effect of temperature. 










































FIG. 2. Dehydrogenation of butane-butene isothermal 
unit. Charge 65 per cent n-butene, 35 per cent n-bu- 
tane. Temperature 1100°. Pressure 5 in. Hg abs. Ef- 
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lytically inert material. Several sources 
of such inert material are available, but 
secrecy orders do not permit disclosure 
of further details at this time. The inert 
material acts as a heat storage medium 
absorbing during the regeneration cyele 
the heat liberated by the combustion of 
the coke deposit, with a consequent in- 
crease in temperature of the bed, and re- 
leasing that heat to the reacting hy- 
drocarbons during the dehydrogenation 
period, with decreasing temperature. 

The preferred condition is that the 
heat of reaction be slightly greater than 
the heat of combustion. The heat de- 
ficiency and the desired operating tem- 
perature are controlled by the adjust- 
ment of reactant and air temperatures, 
and by the use in the regeneration cycle 
of an amount of air substantially greater 
than the combustion requirements. The 
latter equalizes differences in tempera- 
ture in a large size bed due to heat losses 
in parts adjacent to the wall, imperfect 
flow distribution of fluids throughout the 
bed, minor inequalities in catalyst activi- 
ties and heat capacities, and the like. 
The air used being near atmospheric 
pressure, the cost of pumping is nom- 
inal and the heat can be recovered in 
waste heat boilers. 

The inert material possesses a very 
large surface and the heat exchange be- 
tween this material, the catalyst pellets, 
and the reactants takes place with very 
small temperature differences. 

The on-stream periods are kept very 
short, namely, between 7 and 15 min. By 
this means the temperature variation 
during the cycle is small, usually within 





TABLE 1. N-butane dehydrogenation equilibrium.* 





Equilibrium molecular fraction 


























Temperature ace : ° peter 
_ as ___ n-butane butene-l butadiene-1, 3 ____ hydrogen 
kK | c | F atm. |0.25atm.| latm. |0.25atm.| 1 atm. | 0.25atm.| 1 atm. | 0.25 atm. 
600 | 327 | 621 0.97 0.96 0.15 | 0.02 FM | * 0.015 0.02 
700 | 427 | 801 0.72 0.58 0.14 0.20 < | See 0.14 0.21 
800 | 527 981 0.42 0.20T 0.27 | 0.34 0.01 0.04 0.30 0.42 
900 627 | 1161 0.20 | 0.02 0.29 | 6.30 0.07 0.13 0.44 0.55 
1000 727 | 1341 0.01 | 0.01 0.22 | 0.09 0.18 0.27 0.59 0.63 
_ *“Rounded off” values from Gruse and Stevens. ee tAdjusted. er: 














butane dehydrogenation 


Temperature 


TABLE 2. Comparison of calculated equilibrium olefin concentrations in 


Equilibrium olefin concersration (molecular per cent) 


Gruse and Stevens* | 


at atmospheric pressure. 











*Includes butene and butadiene. 





*x | © | Kasseltt | Pitzertt 
700 427 | 801 14 8.3 11.4 
773 500 932 | 25 20.6 24.5 
873 600 112 | 34 40.3 41.9 
1000 727 1341 | 40 | 48.7 | 48.7 
' -_ 


{Butene only. 





tReported by Grosse and Ipatieff. 








50°F. covering the optimum range of 
temperature necessary to insure high 
conversions; also the total coke deposit 
on the catalyst is limited to a low value, 
insuring high catalyst activity through- 
out the cycles. 

The advantages derived from the use 
of this scheme are as follows: 

1. Expensive special alloy heat ex- 
change equipment within the reactor 
is eliminated and the reactor construc- 
tion is cheap. 


2. Reactants are introduced at sub- 


stantially reaction temperature, elimi- 
nating problems of pre-thermal crack- 
ing. 

3. The temperatures are controlled 
within the desired range of reaction. 
No excessive temperatures are encoun- 
tered during the regeneration period, 
thus protecting catalyst life. 

4. Regeneration can be accom. 
plished by the use of fresh air, with no 
limitation of oxygen concentration, 
and there is no problem of recirculat. 
ing hot gases. 





FIG. 3. Dehydrogenation of butane-butene isothermal unit. 
Charge 65 per cent n-butene, 35 per cent n-butane. Tempera- 
ture 1100°. Space rate 1.8 vol./vol./hr. Effect of pressure. 
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FIG. 4. Dehydrogenation of n-butane and n-bu- 
tene. Temperature 1100°. Space rate 1. 5 in. Hg 
abs. pressure. Adiabatic unit. Effect of feed 
composition. 
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A Check-up on 
THE HEART OF POSTWAR REMODERNIZATION 
... the Fluid “Cat-Cracker” 


Tar WAR RECORD of refining shows that more than two- 
thirds of all catalytic cracking-capacity built since the 
beginning of the war employs the Fluid process. Further, 
fresh-feed statistics show that “Fluid” now comprises 
more than 50% of the nation’s total ,catalytic-cracking 
capacity. 

Among its outstanding advantages for postwar pro- 
duction are... 

1... Maximum yields of high octane gasoline components 
and convertible gases. Typical basic yield: 30 degree 
wide cut gas oil feed...45% of #LORVP 400 end point 
gasoline with a rating of 82.0 clear CFR-M (94.5 clear 
CFR-R). 

2... Widest variety of feeds.. 
to reduced crude.. 


. ranging from light gas oil 
.can be utilized. 


3... Continuous operation. Records of Kellogg designed- 
and-built Fluid “cats” show a continuous operation of 
more than 300 days... with no physical need for a shut- 


down yet in sight! This radical increase in “on-stream” 





time of cracking facilities shows up directly in profit 
statements. 

4... Extreme flexibility of operating conditions. To meet a 
wide range of market demands, the ratio of catalyst- 
to-oil can be varied as high as 20-to-1, permitting con- 
trol of heavy fuel oil production from crude. 

5 ... Economy of operation. Compared with either thermal 
or other catalytic-cracking, “Fluid” proves outstand- 
ingly superior. For instance, with any but the lightest 
gas oil feeds, the heat generated is sufficient to supply 
all fuel and steam utilities in addition to cracking. 

But perhaps the greatest overall advantage of the Fluid 
catalytic-cracking process is its adaptability for units of 
all sizes—Kellogg designs range from 1760 bbls. to 35,000 
bbls. per day. Kellogg process engineers —so intimately 
connected with the development of the Fluid process 
from its pilot plant stages to commercial operation — will 
be glad to demonstrate how effectively a Fluid unit can 
fill the center of your remodernization plans. 


THE M.. W. Kexroce Company 


ineers and Economists to the Petroleum Industr 


15 breetway, New York 7, a rena tm 08 ers ane Economists tof 
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5. High conversion per pass and 
high product concentration are feas- 
ible. 

Extensive laboratory and pilot plant 
experimentation as well as continuous 
commercial operation have proved the 
practicability of this unique develop- 
ment. 


@ Discussion of laboratory data on the 


effect of variables in the dehydrogena- © 


tion of butane and butane-butene cuts. 

Temperature. Dehydrogenation equi- 
libria referred to previously indicate that 
high temperatures are required for con- 
versions of commercial interest. These 
equilibria are such that mono-olefins can 
be produced economically at substan- 
tially atmospheric pressure and temper- 
atures of the order of 1050-1100°F. For 
the production of diolefins, however, not 
only high temperatures but also low par- 
tial pressures are necessary. These can 
be attained by either diluting the react- 
ants with some inert gas or vapor or op- 
erating at low absolute pressure. Consid- 
erations of cost usually preclude the use 
of gases. Steam has been found to be 
detrimental to the reaction, as well as to 
catalyst life. Operating at reduced pres- 
sures as low as 2% lb. absolute has been 
found practical for the production of di- 
olefins and the engineering problems 
connected with this type of operation 
have been readily solved. 


Fig. 1 shows the effect of temperature 
at various space rates on the dehydro- 
genation of butane. These data were ob- 
tained during the study of butadiene pro- 
duction and were, therefore, obtained at 
reduced pressure. Of interest is the rapid 
increase of yield with temperature, the 
decrease.in selectivity, and the rapid in- 
crease in coke formation. above 1100°F. 

Space rate. Space rate can be varied 
quite widely without substantially affect- 
ing the yield. of products. The side re- 
actions, particularly the coke formation, 
are cut considerably by increased space 
rates and this factor is the most effective 
way to balance out heat of reaction with 
heat of carbon combustion. 

Fig. 2 shows the yield of butadiene 
from a charging stock containing 35 per 
cent n-butene and 65. per cent butane at 
constant pressure, constant temperature, 
and varying space rate. 

The upper curves show the calculated 
heat of reaction and heat of combustion, 
respectively. The point at which the 
curves cross is the point of operation at 
“adiabatic condition.” 

These data were obtained in a labora- 
tory isothermal unit. 

Pressure. Within the range of pres- 
sures necessary to effect the desired re- 
action an adjustment in pressure also 
provides means of controlling the coke 
deposit in relation to the heat of re- 
action. 


Fig. 3 shows the effect of varying pres- 
sure at constant temperature and space 
rate on same charging stock as above, 
i.e., 35 per cent n-butene and 65 per cent 
n-butane. 


Again it can be seen that the curves 


showing heat, of reaction and heat of. 
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combustion cross at the operating point 
for the chosen space rate and tempera- 
ture. 

Feed composition. Fig. 4 shows the re- 
lationship between butene in original 
fresh feed, butene in composite feed to 
reactor, butene in recycle stock, and bu- 
tadiene in reactor product. 

It shows the yields of products from 
once-through operation (lower scale ) 
and the yield and product distribution in 
recycling operations. 

For example, starting with n-butane 
(0 per cent butene in fresh feed), the 
reactor charge builds up to approximate- 
ly 44 per cent butene and the yield of bu- 
tadiene per pass is 12.5 per cent. 

Catalyst activity. From the above con- 
siderations, it is evident that the catalyst 
must possess enough activity to give 
good conversion with a controlled coke 
deposit. Also, the activity must be ori- 
ented towards the maximum conversion 
of butane resulting in higher butene con- 
centration in reactor charge and subse- 
quently higher conversions to butadienes 
per pass. 

Fig. 5 shows the effect of catalyst heat 
treatment on butadiene and coke yield 
for a given concentration of chromic 
oxide on the alumina support and the 
effect of varying this concentration on 
conversions of butane and butene, re- 
spectively. 


@ Description of commercial units. 


Fig. 6 is a simplified flow chart of the 


single-stage unit. 

The normal butane is preheated in a 
furnace along with the unconverted bu- 
tane-butene cut recycled from the extrac- 
tion unit. The catalytic battery comprises 
6 reactors, although it could be built 
with 3 reactors of same total capacity. 

After passing through the catalyst 


bed, the hydrocarbons are cooled by di- " 





rect spraying with oil, compressed and 
sent to a vapor recovery system of con- 
ventional design where a cut of buta- 
diene-butene-butane is obtained. Buta- 
diene is extracted and purified by solvent 
or a combination distillation-solvent ex. 
traction, the remaining B-B cut returned 
to the process as recycle stock. 

After the on-stream period, air is in- 
troduced to burn off the coke deposit. 
This air is preheated by direct combus- 
tion of fuel in the stream, and the pres- 
sure at the blower discharge is controlled 
by the pressure drop through the system 
which is generally of the order of 2-3 lb. 
per sq. in. 

At the end of the regeneration period, 
the air remaining in the reactor is evac- 
uated by a steam jet, prior to introdue- 
tion of hydrocarbons for another on- 
stream period. 

Motor operated valves are operated 
through a cycle timer similar to the type 
used in a large number of Houdry cata- 
lytic cracking units. Proper interlocks 
insure that a valve cannot be opened un- 
less the necessary valves have been pre- 
viously closed, precluding mixing ‘of va- 
rious streams. 

As a further precaution against. mix- 
ing of streams through valve leakage, in- 
ert gas is automatically admitted in the 
bonnets and lantern rings provided in 
the packings when valves are closed. 

The flow of reactants and air is con 
tinuous; two reactors of the battery re- 
ceiving hydrocarbons while two are re 
ceiving air, and the last two being under 
valve change or purging operation. 

Heat can be recovered from the cool- 
ing oil by heat exchange, with the fur 
nace feed and from the air stream in 
waste heat boilers. 

A very satisfactory two-stage oper 
tion has also been developed. Secrecy re 
strictions 5 imposed by en — 
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TABLE 3. Comparison of laboratory, semi-commercial and commercial units 
Houdry single-stage butadiene process. 
Unit Pilot plant | Semi-commercial Commercial 
Catalyst capacity, cu. ft.................0005 0.35 | 11.7 1060 
aM GODUB oc ns 2606 5ncccscavnesessesece 1 1 6 
ting conditions | 
Cat. temp., on-stream, °F. avg............. 1060 1124 1100 
Cat. temp., off-stream, °F. avg............. ay 1083 a 
Fe Sg Rien 5 50:56.b0 <5 csseninces o | 1103 1070 
Pressure, inches Hg. abs................... 5.0 | 64.9 4. 
Time on-stream, MIN... .......00....00eee: 10.0 B7 10 
Charge temperature, °F.................... ia 1085 1075 
Regeneration air temp., °F................. 1140 1075 
Charge rate, V/V /br Serer rer bene eeeeees 1.9 2.8 2.7 
Regeneration air rate, C.F.M./liter......... 0.5 1.8 2.2 
' Chg. Prod. Chg Prod. Chg. Prod. 
Yields, per cent weight 
OT A SSINS TD eee Te eee ‘Ss 1.6 4.f 7.8 2.2 3.7 
I 6 0.5050 50 ERC RAINE 6 0400:0650% 2.5 3.7 3.1 1.6 0.9 1.9 
NS os 0 nabsicb nae ceeeamaise cians - 3.5 1.5 2.3 2.1 2.5 
EE Gh ska cacduaneusesneaeennaeie 26.8 36.8 28.9 26.9 23.1 23.1 
ML: 2a cateot Osaslaaecon es wiaweoteeain 70.5 42.9 62.7 46.3 67.0 53.3 
NL 5 ccevcskcedesasabenecensemen 0.2 10.1 “a 11.8 3.8 12.7 
ET 45 cticaanpunahiucigpukionticientibs me 0.4 6 0.8 0.9 1.7 
BES ts.ceknia £5455 ndeasaweeedeaneecere vs 1.0 PP 2.5 - 1.2 
100.0 100.0 100.0 100.0 100.0 100.0 














cies preclude discussion of the details of 
operation at the present time. 
Commercial operation of the Houdry 
adiabatic catalytic dehydrogenation 
process is carried on by the Sun Oil 
Company at its Toledo refinery and the 
Standard Oil Company of Galifornia at 
its El Segundo refinery. Both of these 
facilities were built by Defense Plant 
Corporation, and are operated by the re- 
spective oil companies for the account of 
the Rubber Reserve Company. Butadiene 
production from the Toledo plant is util- 
ized in the production of GR-S rubber at 


the copolymerization plants of Firestone 
and Goodyear at Akron; butadiene from 
the El Segundo installation is utilized at 
the U. S. Rubber and Goodyear plants at 
Torrance,-California. One of these plants 
operates in the single-stage cycle as 
described above. The other plant is 
equipped to operate either single or two- 
stage. 

Table 3 gives a comparison of typical 
pilot plant, semi-commercial plant, and 
commercial] plant operating conditions 
and yields. 

Commercial results are in general 


agreement with the correlation of Fig. 4, 
with certain deviations as regards butene 
concentration in the reactor charge, al- 
though butadiene yields per pass pre- 
dicted in the correlation are obtained. 


@ Application of the process to pro- 
duction of mono-olefins. For the pro- 
duction of butenes from the correspond- 
ing normal and isobutane, the reaction 
is conducted at atmospheric or slight 
positive pressures and the space rate ad- 
justed to balance the coke formation 
with the necessary heat of reaction. 

Laboratory and semi-commercial op- 
erations have indicated the possibility of 
obtaining up to 50 per cent conversion 
with selectivities of the order of 70 to 75 
per cent. 

The plant flow sheet is substantially 
the same as the one-stage unit. Line sizes 
and compression recovery facilities are 
smaller than with vacuum operation. 

If it is desired to produce both buta- 
diene and butenes, the process can be 
operated under reduced pressure. In this 
case it is more practical to balance the 
heat requirements by supplementing the 
normal coke production. This can be 
accomplished by passing on the cata- 
lyst a nominal amount of an extraneous 
material heavier in boiling range than 
the charge, after the dehydrogenation 
period. - ; 

Propane and ethane can be dehydro- 
genated to their corresponding mono- 
olefins. The equilibrium concentrations 
in the same temperature region are lower 
than for the dehydrogenation of butane. 
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FIG. 6. Houdry one-stage dehydrogenation flow chart. 
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ETHYL ALCOHOL 
[solvent, antifreeze, motor 
fuel] ethy! ether 
ETHYLENE CHLORIDE 
[solvent] resins, 
rubber substitute (Thiokol), 
ethylene glycol (antifreeze) 
ETHYLENE BROMIDE 
ETHYLENE CHLOROHYDRIN 
ethylene glyco! and 
derivatives 
ETHYL HALIDES 
[solvents], lead tetraethy! 
POLYMERS, ALKYLATED 
PRODUCTS [high octane motor 
fuel (neohexang] [iubricants, 
lubricating oi additives} 
SULPHUR DIOXIDE RESINS 
molded plastics 
ETHYLENE OXIDES 
ethylene glycol 
ethanolamines 


ISOPROPYL ALCOHOL 
(solvent, antifreeze] 
acetone, esters 

r PROPYLENE CHLORIDE 
(solvent], resins, propylene 
glycol 

PROPYLENE CHLOROHYDRIN 
[solvent]. acetone, isopropy! 
ether ¢ acetate, propylene 
glycol and derivatives 

ISOPROPYL HALIDES 
{solvents} 

POLYMERS, ALKYLATED 

PRODUCTS [high octane 
motor fuels] 

SULPHUR DIOXIDE RESINS 
molded plastics 

ISOPROPYL ETHER 
{anti-knock compound] 

ALLYL CHLORIDE 
glycerol 

ISOPROPYL ACETATE 


TERTIARY BUTYL ALCOHOL 
[solvent] esters 

ISOBUTYLENE CHLORIDE 
tsobutyraldehyde 


ISOBUTYLENE CHLOROHYDRIN 


[solvent], isobutyric acid ¢ 
aldehyde, isobutylene 
glycol and derivatives 
DI-TRI-TETRA-¢ POLY 
ISOBUTYLENES [high octane 
motor Fuel (iso-octane)] 
[additives for lubricants] 
ALKYLATED PRODUCTS 
[iso-octane (motor Fuel)] 
SULPHUR DIOXIDE RESINS 
molded plastics 
TERTIARY BUTYL PHENOL 
resins 
METHALLYL CHLORIDE 
methyl! glycerol 
methy! methacrolate resin 
(Lucite) 





SECONDARY BUTYL ALCOHOL 
[solvent] methy! ethy! 
ketone, esters 

BUTYLENE CHLORIDE 
[solvent] butadiene 

BUTYLENE CHLOROHYDRIN 
[solvent] butylene glycol 
and derivatives 

BUTYL HALIDES 
[solvent] 

POLYMERS, ALKYLATED 

PRODUCTS [high octane motor 
fuels } 

SULPHUR DIOXIDE RESINS 
molded plastics 
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FIG. 7. Products obtainable from natural gas hydrocarbons. 
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Consequently, the yields per pass are 
correspondingly lower, of the order of 
30 per cent for propane and 16-20 per 
cent for ethylene. The selectivities are 
high and the coke formation low at at- 
mospheric pressure, and means of sup- 
plementing the coke formation as de- 
scribed above are used. 


In order to obtain ultimate yields, it is 
necessary to provide means for selec- 
tively removing the ethylene or propy- 
lene, as the case may be, from the re- 
actor effluent after quenching and recov- 
ery by compression and/or absorption. 
As is well-known, the ethylene can be re- 
moved by sulphuric acid and synthetic 
ethyl alcohol produced by hydrolysis. 
Propylene can be similarly removed to 
form isopropyl alcohol on subsequent 
aydrolysis. It is therefore seen that a 
whole field of potential chemical indus- 
tries is opened up by catalytic dehydro- 
genation of the relatively inert paraffin 
constituents of natural gas and gasoline 
to olefins or diolefins, which can be re- 
acted in a number of ways to produce a 
large number of products. Fig. 7, from 
Bureau of Mines Information Circular 
7108, diagrammatically shows a few of 
the intermediate and chemicals that 
can be produced from paraffinic hydro- 
carbons through the initial step of de- 
hydrogenation. 


@ Other applications of the process. 
Among the other products which have 
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received attention in laboratory scale ex- 
perimentation are: 
Isoprene from dehydrogenation of 
isopentane. 
Styrene from ethyl benzene. 
Methyl styrene from isopropyl ben- 
zene. 


These reactions, not being limited by 
the low equilibrium concentration of the 
lower olefins, take place readily in the 
range of 1000-1050°F., and yields per 
pass of the order of 45 per cent styrene 
and 60-65 per cent methyl styrene are 
obtained. 


The principle of storing regeneration 
heat in an inert high heat capacity me- 
dium in the catalyst bed has still another 
interesting application in the Houdry 
adiabatic catalytic cracking process for 
the conversion of heavy petroleum frac- 
tions to gasoline. 


@ Conclusion. In conclusion, it may be 
stated that the Houdry adiabatic cataly- 
tic dehydrogenation process has made 
available to the petroleum refining, 
petrochemical and natural gasoline in- 
dustries a means for converting paraffins 
from ethane through pentane to olefins 
and diolefins. Other dehydrogenations re- 
actions of commercial interest can be 
handled by the process. Commercial op- 
eration of the Houdry adiabatic dehydro- 
genation process for the production of 
butadiene proves the feasibility of the 
process. Large potentialities for produc- 


tion of chemicals from petroleum are 
opened up, and it is therefore expected 
that the process will find application in 
postwar dehydrogenation projects. 
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"HOURS instead of DAYS for servicing!” 


Vertical scavenging cylinder, valves and 
piston easily removed without disturbing 
any other parts. Does not block aisle space 
between compressor frames. 


Platform at front of engine 
places operator af correct posi- 
tion for fuel valve adjustment, 


spark plug replacement or other Gaugeboard and control station 


ML 


or 





work on power cylinders. 


at front of engine at eye level 














Magneto and lubricator easily 


FS 


Scavenging crosshead accessible 
through cover on side of scav- 
enging frame. 


nT add 


Large covers on both sides of com- 
pressor frames for crosshead ad 
_justment or removal. 


fa uted 


Wide working space to remove 
compressor valves. 


Worthington Angles are more 
accessible than other makes. Compare 
them point by point with other units. 


Plant owners, operators, and maintenance men know that 
complete accessibility to the moving parts drastically re- 
duces ‘‘down time’’. That's why they prefer WORTHING- 
TON LTC ANGLE ENGINE COMPRESSORS — the most 
accessible of them all. 

Owners also know when equipment can be easily taken 
apart and adjusted, it is kept in better operating condition, 
with less maintenance cost and less ‘‘down time’’ 


The above picture tells the whole story. Study it critically; 
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for operator convenience and 
ease of starting. 


Pd 


Camshaft lifts out after remov- 
ing light cam box covers and 
valve push rods. 





“=== Large covers on both sides of 
main frame for access to main 
and crank pin bearings. 


Wide aisle space unobstructed by 
scavenging cylinders. 


WORTHINGTON ANGLE value improves by comparison! 
Regardless of the type now being used, these facts are out- 
standing. 

For inspection, adjustment, maintenance . . . accessibility 
is the key to continuous production at lowest operating cost. 


Write for Bulletin L-690-Bl, Publications Department, 
Harrison, N. J. Worthington Pump and Machinery 
Corporation, Compressor Division, Buffalo, New York. YQ 


WORTHINGTON 
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P 721.021 


Analysis of the Light Constituents in Crude Petro. 
ileum by Low-Temperature Fractional Distillation: 


In the calculation of material bal- 
ances on distillation and cracking units 
in oil refineries it is often desirable to 
know the composition of the light gases 
occurring in the original erude oil 
charge. This is particularly important at 
present because of the increasing use of 
these materials in the production of avia- 
tion gasoline. The low temperature frac- 
tional distillation columns commonly 
used for gas analyses are not entirely 
suitable for determination of the light 
constituents in crude oil because of the 
small quantities of these gases present. 
Difficulty is also caused by the fact that 
most crudes contain some water, which 
tends to collect and freeze in cold por- 
tions of the column, causing partial 
plugging and consequent flooding. 

The method here described is particu- 
larly suited for laboratories where such 
analyses are but seldom required and 
where regular debutanizing equipment 
is not available. Considerable time is 
saved, compared to operation of a pilot 
still. 

The apparatus permits the use of a 
crude oil sample sufficiently large to pro- 
vide measurable quantities of butane 
and lighter gases for distillation in an 
ordinary low-temperature fractional dis- 
tillation column, and at the same time 
removes water from the portion of the 
sample which enters this column. 

Fig. 1 illustrates the auxiliary still 
which may be used in conjunction with 
any low temperature fractional distilla- 
tion column having a still body of 20- 





*Presented before the Division of Petroleum 
Chemistry of the American Chemical Society, 
Detroit, Michigan. Published in Industrial and 
Engineering Chemistry, April, 1945. 
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By R. J. ASKEVOLD and M. S. AGRUSS, The Pure Oil Company 


























TABLE I 
Typical analyses on crude oils. 
Weight percentage, water-free and hydrogen sulphide-free 
_ = tee ] Si as SE ee — ——$_. 
Michigan __|_VamZandt___| Cabin Creek | _——_Eureka 
l | l a We 
A | B A B s i a A | B 
Serre 0.00 0.00 | 0.00 0.00 | Trace | Trace Trace x= 
ere 0.00 0.01 | 0.01 0.02 | 0.04 | 0.06 0.02 | 0.02 
| eer 0.16 0.14 0.16 | 0.16 | 0.39 0.49 0.25 0.25 
Isobutane......... 0.11 | 0.09 0.33 | 0.36 0.44 | 0.50 0.35 0.22 
n-Butane.......... 0.48 | 0.46 | 0.53 | 0.43 | 1.08 | 1.14 0 | 0. 
Pentanes+........ 99.25 | 99.30 98.97 | 99.03 98.05 97.81 98.72 98.86 
Total...... 100.00 | 100.00 100.00 | 100.00 , 100.00 | 100.00 | 100.00 | 100.0 
Corning | __ Mid-Continent Creole | Cumberland 
1.2 A B | oA B | a | B 
Methane.......... Trace Trace 0.00 0.00 0.01 Trace | Trace ‘Tae Z 
Ethane.......... 0.04 0.03 0.02 Trace 0.04 0.01 | 0.03 0.04 
Propane... ae 0.22 0.22 0.22 0.25 0.09 0.07 | 0.48 0.45 
Isobutane. ........ 0.25 0.18 0.28 0.25 | 0.05 0.04 | 0.25 0.29 
n-Butane. : 0.51 0.49 1.18 1.13 0.08 0.04 | 1.15 1.09 
Pentanes+ | 98 98 99.08 98.30 98.37 99.73 99.84 | 98.09 98.13 
Total......| 100.00 100.00 | 100.00 | 100.00 | 100.00 100.00 | 100.00 | 100.00 
A. Proposed method. B. Debutanizer method. 














ml. capacity or more. Before an analysis, 
the column of the auxiliary still is filled 
with sodium hydroxide pellets to form 
the packing, and pellets are placed in 
the flask to act as boiling stones. The 
entire system is evacuated to a pressure 
of less than 1 mm. of mercury, by means 
of the pump regularly used with the gas- 
analysis equipment. The reflux conden- 
ser of the low temperature column is 
cooled below the boiling point of me- 
thane, and a Dewar flask containing 
acetone and dry ice is placed around 
the inlet tube of this column. The crude 
oil sample bomb is then connected to the 
inlet stopcock of the auxiliary still, and 
sample is slowly introduced to the flask 
by means of this stopcock. Immediately 
after sampling is finished, the electric 
heating is. started to strip light constit- 
uents from the crude oil. 

During distillation through the pellet- 
packed column, water and hydrogen sul- 
phide will be removed; heavier hydro- 
carbons will condense in the still kettle 
of the low-temperature column, and 
lighter ones will be refluxed by the cold 
reflux condenser. Heating of the auxil- 
iary still should be slow enough for 
good fractionation, but should be con- 
tinuously increased, to ensure a slightly 
higher pressure in the auxiliary still 
than in the low temperature fractional 
distillation column at all times; reversal 
of this pressure differential will cause 
some: of the cold condensate to flow back 
into the auxiliary column, with rapid 
vaporization and a violent pressure 
surge. If the pressure in the low tem- 
perature fractional distillation column 
reaches atmospheric during the period 
of crude-stripping, methane is distilled 
off at a rate sufficient to maintain atmos- 


pheric pressure. The crude may be safe- 
ly assumed to be free of butane and light. 
er gases when the temperature indicated 
by the thermometer at the top of the 
auxiliary column reaches 55°C. At this 
point the electric heater is lowered and 
the connection closed between the two 
columns. 

The condensate in the column is frac: 
tionated in the usual manner to separate 
methane, ethane, propane, isobutane, 
and n-butane, after which the residue of 
pentanes and heavier is distilled back 
into the stripped crude oil by cooling the 
auxiliary still with dry ice. The weight 
of each light hydrocarbon may be cal- 
culated from the amount distilled, and 
the weight percentage of each obtained 
on the basis of the water and hydrogen 
sulphide-free crude oil, by weighing 
the crude residue. If it is desired to frac- 
tionate the stripped residue to obtain 
further data, the flask containing this 
residue may be transferred to any suit: 
able crude assay column, and distillation 
continued. 

Using the auxiliary still described in 
this paper, a number of analyses have 
been made on batches of crude oil, which 
were also distilled in a pilot-size batch 
debutanizing still, with a 18.9-liter (5- 
gal.) stainless steel kettle, 180-cm. (6 
ft.) saddle-packed glass column, and re: 
frigerated total condenser capable of re- 
fluxing propane. Such distillations yield: 
ed completely debutanized straight-run 
gasoline, and the gases were measured 
and collected in a gas holder. Analytical 
results on these relatively large volumes 
of gas, when calculated to the basis of 
the crude, show good agreement with an- 
alyses described here (Table 1). oan 
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Alkylation—Backbone of Aviation Gasoline* 


By WILLIAM MENDIUS, Sinclair Refining Company 


B+ requires no imagination to realize 
what an important part aviation gasoline 
has played and is playing in the present 
war, We get an almost daily reminder of 
this, ranging from the spectacular Doo- 
little raid on Japan and the mass attack 
of 2000 to 3000 or more of our planes 
on what was once-termed Fortress Eu- 
rope to the scouting missions of lone cub 
planes, and the flying of our wounded 
from battle zones to hospitalization areas. 
Tremendous quantities of planes, fuels, 
and lubricants, and considerable man- 
power are required to make these accom- 
plishments possible. 

Before our entry into the war, our 
production of aviation gasoline of war 
grade was comparatively small, in the 
order of 40,000 bbl. per day. Since then, 
and through the concerted efforts of the 
petroleum industry and the Petroleum 
Administration for War, war-grade avia- 
tion gasoline production has been in- 
creased over ten-fold to approximately a 
50,000 bbl. per day level. Perhaps this 
amount may be further increased. 

The aviation gasoline used by our arm- 
ed forces is a blend of many hydrocar- 
bons of the C, to the C,, range from the 
paraffin, aromatic, naphthene, and ole- 
fin series, plus tetraethyl lead. With 
minor exceptions, these hydrocarbons 
are not blended as individual compounds 
but exist as components in the various 
types of stocks that are blended for fin- 
ished aviation gasoline production. These 
stocks are classified under two groups. 
namely, base stocks and blending agents. 
The base stocks, which have octane rat- 
ings on the low side of the pattern, con- 
sist mainly of materials produced by cat- 
alytic cracking and from straight run 
sources. The blending agents, which 
have octane ratings appreciably higher 
than aviation gasoline and consequently 
have the power to carry larger quantities 
of base stocks, consist in major part of 
alkylate, together with minor quantities 
of hydrogenated codimer, hydrogenated 
acid polymers, and aromatics. Alkylate 
may therefore be rightly claimed to be 
the backbone of aviation gasoline since 
its production is sizable, and since it has 
octane ratings appreciably higher than 
the current standard for war-grade avia- 
tion and consequently is able to carry 
quantities of the base stocks considerably 
in excess of its own volume. 

Alkylate as herein discussed is that 
product falling within aviation boiling 
point range produced by the exothermic 
reaction of one or more of such unsatu- 
rates as propylene, butylenes, amylenes, 
or condensation products from the poly- 
merization of butylenes with isobutane, 
using either sulphuric acid or hydro- 
fluoric acid as a catalyst. The reaction is 
not simple, the final aspects of which 


*Presented before War Production Confer- 
ence, Chicago, Illinois, March 29, 1945. 
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have not as yet been firmly established. 
In addition to the simple coupling of the 
olefin and isobutane, it has been postu- 
lated that isomerization, dehydrogena- 
tion, and hydrogenation take place as 
side reactions. However, it is not within 
the scope of this discussion to deal fur- 
ther with the intricate mechanisms in- 
volving these reactions. Basically the 
alkylation process effects the combina- 
tion of one mol of isobutane with one 
mol of the C,-C, or C, olefin or its equiva- 
lent in the form of olefin polymers to 
form one mol of alkylate. 

Commercial alkylation was begun in 
this country about 1938. These early 
plants used sulphuric acid. It was not 
until after our entry into the war in the 
latter part of 1942 that the first commer- 
cial HF plant was put into operation. 
Today there are in the neighborhood of 
60 alkylation units in operation produc- 
ing approximately 130,000 bbl. per day 
of aviation alkylate. Of these, about 60 
per cent are of the sulphuric acid type, 
which account for around two-thirds of 
this production. The HF units comprise 
about 40 per cent of the total and take 
credit for approximately one-third of the 
overall production. 

As a whole these commercial units are 
really delivering the goods. Approxi- 
mate 75 per cent of them are exceeding 
their orginal design capacities. In fact, 
better than 25 per cent are producing 
alkylate at a rate exceeding the maxi- 
mum capacity ratings established by the 
AGAC, which ratings are considerably 
in excess of design. The oil industry is 
not resting on this record. Continued 
thought and effort are being exercised to 
further increase production and quality 
by increasing the supply of raw mate- 
rials, by extending operating efficiency 
and by improving operating technique 
and “know-how.” 

Alkylate is produced commercially in 
all types of units by very intimately mix- 
ing the feed stocks containing the olefins 
and isobutane, in as high a concentration 
as practical, with recycle isobutane and 
acid catalyst at a controlled temperature. 
This mixture is then routed to a settler 
where the acid is settled out for reuse, 
with adequate facilities provided for the 
maintenance of proper acid strength. The 
acid-free hydrocarbon product is passed 
through a series of distillation opera- 
tions to recover, with minimum loss and 
at high concentration, all unreacted iso- 
butane which is used as recycle, to re- 
ject all other saturated hydrocarbons, 
which occur as contaminants in the raw 
feed stocks and which are not desired in 
aviation gasoline, and- to make the prop- 
er separation of the alkylate produced 
into aviation alkylate and so-called 
heavy alkylate. 

It is not the intention of this discussion 
to deal with the relative merits of the 


several types of equipment used in the 
alkylation units currently in operation, 
A general review of the characteristic 
differences involved when using the two 
acid catalysts previously mentioned, and 
of the operating problems and use of ma. 
terial, is considered to be in order. Un. 
fortunately there are certain limitations 
that must be observed in this discussion 
because of the necessity of wartime se. 
crecy. 

Because of longer operating expe. 
rience, sulphuric acid alkylation units 
have encountered fewer operating and 
maintenance difficulties than the HF 
units. Also, under the operating condi. 
tions involved, sulphuric acid is less cor. 
rosive to commercial equipment than is 
HF. Another point of difference is that 
acid catalyst regeneration is not employ. 
ed directly in connection with a sulphuric 
acid alkylation unit, whereas this opera- 
tion is an integral part of an HF alkyla- 
tion plant. 

In sulphuric acid alkylation no con- 
sistent operational troubles are being en- 
countered. Acid settling difficulties have 
been experienced from time to time that 
are largely a result of insufficient set- 
tling time because of extended unit 
throughput, or the use of fresh acid, that 
contains too high a concentration of car- 
bonaceous material when such acid is 
obtained by certain regeneration process: 
es used in reclaiming spent acid, or the 
formation of too tight an acid-hydrocar- 
bon emulsion in the reaction phase of 
the process due, in some cases, to ob- 
secure emulsifying agents. 

Sulphuric acid of 95 to 99 per cent 
strength is used as fresh acid supply. 
Such acid is either clean white acid, or 
regenerated acid produced by the hy- 
drolysis and concentration of spent acids 
from the alkylation process or from light 
vil or lube oil treating operations. The 
concentrated acid must then be fortified 
with fuming acid to bring it up,to the 
strength suitable for alkylation purposes. 
Acid is rejected at strengths ranging 
from 85 to 91 per cent titratable acidity. 
Reduction in acid strength is due par- 
tially to hydration and partially to for- 
mation of acid tars. In cases where the 
rejected spent acid cannot be used for 
other treating purposes, or where due 
to uneconomical transportation it is not 
feasible to regenerate it, disposal of al- 
kylation spent acid is a problem. 

Reaction temperatures range from 40 
to 70°F., depending on the ratio of pro 
duction rate to refrigeration capacity 
and on the efficiency of the cooling sys 
tems, particularly during the summer! 
season when cooling water temperatures 
are generally high. Removal of the ex 
othermic heat of reaction at these tem- 
peratures is effected by indirect cooling 
using standard compression or absorp 
tion refrigerating systems employing am- 
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monia or a hydrocarbon gas, such as 
butane or propane, or by auto-refrigera- 
tion wherein the heat is carried away by 
the partial evaporation of the lighter 
hydrocarbons in the reaction zone. 

The sulphuric acid plant employs no 
special engineering materials. Carbon 
steel equipment is used throughout. Very 
little corrosion is encountered except in 
special cases. 

As pointed out earlier, HF alkylation 
operations have given considerably more 
trouble. However, the HF “know how” 
is being rapidly acquired and it should 
not be long before most troublesome fac- 
tors will be overcome. At the present 
time many of the problems have been 
solved. 

Physically, hydrofluoric acid differs 
appreciably from sulphuric ‘acid. At 
strengths employed in alkylation, hydro- 
fluoric acid is a volatile liquid at ordi- 
nary temperatures and hence must be 
stored in pressure vessels. It also pos- 
sesses a certain degree of solubility in 
the hydrocarbons processed. Because of 
its volatility it readily lends itself to re- 
generation by distillation, thus making 
possible a very low consumption. This 
volatility also requires that rigid pre- 
cautions must be constantly observed to 
prevent even minute leakage to the at- 
mosphere for economic and safety rea- 
sons, since hydrofluoric acid is very toxic. 

Hydrofluoric acid is charged to the 
alkylation unit in a practically pure 
state. No acid is rejected from the unit 
except by loss. A system acidity of 85 to 
91 per cent is maintained in the unit by 
the continuous regeneration of a split 
stream of the circulating acid. Such re- 
generation removes both water and acid 
tars. Acid consumption is very low, be- 
ing less than 5 per cent as compared to 
sulphuric acid consumption. Loss by 
system leakage, or because of shutdowns, 
accounts for the major part of this con- 
sumption, which will be materially re- 
duced as operating problems are over- 
come. 

Reaction temperatures range from 70° 
to 110°F. and are controlled by the use 
of cooling water, in the majority of cases. 

Certain problems have been encount- 
ered in HF alkylation operations. There 
have been no difficulties with acid set- 
tling. However, because of the solubility 
of HF in hydrocarbons, two additional 
processing steps in handling the effluent 
hydrocarbons are required in this process 
as compared to the sulphuric process. 
First a stripper is necessary to eliminate 
substantially all the free dissolved HF 
and also the majority of the organic 
fluorides from the hydrocarbon reaction 
product. Free HF is removed by simple 
distillation and the fluorides are broken 
down to free HF by the elevated tem- 
peratures employed aided by the cat- 
alytic action of the materials used as 
tower packing. Some problems, notably 
loss of free HF due to faulty stripper 
operating technique, plugging of pack- 
ing, and unsatisfactory fluoride removal 
have been encountered from time to time. 
However satisfactory progress is being 
made on these problems. 

Secondly, stripper bottoms, even with 
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what so far has been termed acceptable - 


HF and fluoride removal, still contain 
more of these materials than is desirable 
to handle in the conventional distilla- 
tion equipment of an alkylation unit be- 
cause of their influence on corrosion and 
also on contamination of alkylation prod- 
ucts. To correct this situation, a treater 
is provided to remove these residual 
fluorine compounds. Calcined bauxite is 
the most commonly used treating agent, 
but this has been found troublesome. 
Other treating agents are being tried but 
results so far are inconclusive. 

The regeneration of spent HF has also 
imposed some operational problems. Re- 
moval of free HF by distillation from 
the acid tar bottoms has not been gen- 
erally satisfactory. Also, these bottoms 
contain some fluorides, which result in 
a disposal problem. Reprocessing of this 
stock in the refinery is not considered 
advisable because of the fluorine con- 
tent thereof. 

Because of its fuming nature and toxic 
properties, it is necessary that HF escape 
to the atmosphere be minimized. HF 
causes severe burns on living tissue and 
is particularly bad if inhaled. Ample 
precautions have been taken and safety 
measures have been followed, and it is 
gratifying to state that very few acci- 
dents have occurred. HF alkylation plant 
design includes provisions for flushing 
out all equipment containing acid be- 
fore such equipment is opened up for 
inspection and repair. When flushed out 
or dumped from the system as much 
acid as possible is collected in pressure 
storage vessels for reuse. Residual acid 
or that which is vented is substantially 
neutralized by an alkaline solution al- 
lowing a minimum amount to be released 
to the atmosphere at some point where 
least nuisance will result. In addition 
many precautions are taken for protect- 
ing operating and repair personnel 
against accidental contact, as well as 
providing curative measures in case of 
exposure. 

Hydrofluoric acid in the concentra- 
tions existent in the alkylation unit, ex- 
cept the regeneration equipment, is gen- 
erally not corrosive to vessels and piping 
made of carbon steel of the type ordi- 
narily used in refinery equipment. One of 
the most troublesome problems that has 
been experienced concerns plug valves 
in acid service. These valves, which re- 
quire at least some dissimilarity in metal 
characteristics between plug and body 
to insure tightness, have been almost uni- 
versally subject to severe stress corro- 
sion cracking causing fracture when car- 
bon steels are involved. Developments 
in progress for relieving this condition 
involve the use of non-ferrous coatings 
of plug and body, such as monel, and 
there is promise of great improvement. 

Another phase where improvement in 
material selection is under development 
is in the acid regenerating system, par- 
ticularly the fractionating tower. More 
corrosion is encountered here than else- 
where due to the presence of water di- 
luted acid at elevated temperature. The 
use of various alloy linings, including 
silver, copper, and monel, have met with 





indifferent success. Of the three, mone] 
appears to be preferable. It is not yp. 
likely that the steel tower with sufficien: 
corrosion allowance may be the best go. 
lution on a “take it and like it” basis. 

It is essential that neither cast-iron nor 
glass be used in any service exposed ty 
HF because of their silica content, which 
element is generally attacked by the 
acid. The necessary absence of gage 
glasses has resulted in the use of some 
ingenious devices for determining liquid 
levels.in vessels. Packing of pumps and 
protection against corrosion on instry. 
mentation, when in contact with acid 
requires special considerations. 

Alkylation hydrocarbon feed stocks 
particularly those containing the ole. 
fins, all contain sulphur contaminants 
such as hydrogen sulphide and mercap. 
tans, the concentrations of which depend 
on the source of crude processed, the 
type of olefin being alkylated, and the 
degree of pretreatment, if any. These 
contaminants result in increased spend. 
ing of the acid catalyst, particularly in 
the sulphuric acid process, and in the 
production of a non-acceptable corto. 
sive alkylate. It is therefore a sound 
practice to caustic pretreat all feed 
stocks for substantially complete re. 
moval of these sulphur compounds. 

All hydrocarbon feed stocks also con. 
tain some moisture, which causes spend- 
ing of the acid catalyst. In most sul- 
phuric acid units water removal is not 
practiced since the water dilution is not 
a material spending factor at the acid 
replacement rates presently employed. 
On the other hand, substantially all HF 
alkylation units have equipment for max- 
imum removal of moisture in feed stocks, 
since any water introduced must be sub- 
sequently removed in the acid regenera- 
tion step. Water removed by regenera- 
tion results in a loss of HF and material. 
ly affects the corrosion rate of this equip- 
ment. 

Each olefin, namely propylene, the 
butylenes, amylenes, cold acid isobuty- 
lene polymers, and codimers, commonly 
being charged to alkylation units, pro- 
duces an aviation alkylate differing some- 
what in quality and yield. Because of 
the variable effect of the significant re- 
action factors on these several olefins, 
the relative merits of these can only be 
generalized. Likewise a discussion of the 
reaction factors can, on this occasion, 
only cover general trends. 

In sulphuric acid alkylation the order 
of preference, as far as quality of avia- 
tion alkylate produced from the olefins 
is concerned, is, generally speaking, a 
follows: Butylenes, isobutylene polymer, 
codimer, amylenes, and propylene. In 
HF alkylation the order is not exactly 
the same, in that propylene produces bet- 
ter alkylate than do amylenes. It may 
be stated, in this connection, that acid 
consumption or acid regenerating Tr 
quirements usually occur in inverse oF 
der to those given above. 

Alkylates produced from the different 
olefins also differ in boiling range. Pro 
pylene alkylate has the lowest boiling 
range predominating in the C, and C, 
level. The boiling range for butylene 
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SEPARATORS 


that WON'T “separate” you from profits 

















H-W 30” x 13’ x 1000 tbs. High Pressure Oil and 
Gas Separator on lease in South Texas. 






































Battery of 36” x 15’—125 lb, H-W Type BV-20 H-W 1000 fb. Oil and Gas Separator ond 125 


special Oil and Gas Separators (with deep fivid Ib. 


chamber) in metering installation. Valves are pilot- 
operated H-W 817 Diaphragm Motor Valves. 


in two stage hook-up—with H- 
pilot-controlled high pressure, back pressure, : 








Above: 24” O.D. x 11’ x 1000 Ibs. W. P. H-W 
Type AU-10C Oil and Gas Separator, with 2” 
Type 86-D Motor Valve for oil outlet. Type 833 
Float Flange, 8”—900 Ibs., H-W Type 302 Pilot 
and Auxiliary Equipment Panel. Pilot-Controlled 
Back Pressure Regulator consisting of 2”-600 Ibs. 
F.G.S.P. Type 86-D Type 2 Controllers, Type 303 
Auxiliary Panel. 
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regulator in foreground, : ik 3 


ape. 


Low cost, maximum separation of oil and gas— essential to maximum 
production and profits—is an engineering problem that ids on both 
separators AND controls, : 

Hanlon-Waters—suppliers of precision Automatic Controls to the petro- 
leum industry also manufacture what we regard to be the most complete 
and finest engineered line of low and high pressure Oil and Gas Separators, 
with the control and accessory equipment essential to maximum efficiency 
in every operation. Pos . 


All H-W Separators for 250 to 3000 ib. pressures are API-ASME Code 
Construction with Pilot Operated Fluid Level Control. H-W Separators 
for 125 lb. working pressure are available in both Standard and API- 


Hetin. 


DO YOU HAVE A SEPARATOR 
OR CONTROL PROBLEM? 


Call on H-W engineers. Draw upon 
their wide experience, on their 
readiness and willingness to help 
you. To consult them— or for Sepa- 
rator Bulletin, or bulletinson 
Welded and Bolted Tanks or H-W 
Automatic Control Equipment— 
write Hanlon-Waters Company, 15 
North Cincinnati St., Tulsa, Okla. 
Affiliated with: Climax Engineering 
Company, Clinton, lowa; McAleer 
Manufacturing Company, Chicago. 


poLTED TANKS 
SEPARATORS 
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alkylate is somewhat higher and is con- 
centrated in the C, group. Amylene alky- 
late has the highest boiling points fol- 
lowing the C, and C, hydrocarbons. 
These characteristic differences natural- 
ly tie in with octane quality, and also 
play an important part in final boiling 
range of aviation gasoline. 

Yields of aviation alkylate on olefins 
consumed exhibit the same trend for 
both sulphuric acid and HF alkylation. 
For the simple olefins, propylene through 
amylenes, aviation alkylate yields fall off 
with increase in molecular weight of the 
olefin, ranging from approximately 170 
to 145 volume per cent. Although the 
complex olefins, that is those obtained 
by previous polymerization, tend to fol- 
low the characteristics of their parent 
olefins, aviation alkylate yields there- 
from may be somewhat lower because 
of the possibilities of a greater variety 
of side reactions. 

The significant reaction variables in- 
clude that well-known team of time and 
temperature, and also isobutane concen- 
tration, ratio of acid catalyst to hydro- 
carbons, and titratable acidity of the cat- 
alyst. In commercial operation these fac- 
tors are more or less interlocked and 
hence optimum conditions for each can 
rarely be achieved, especially at the cur- 
rent high production rates. Operating 
conditions are usually selected to give 
the best overall result, which generally is 
defined as maximum 100-octane aviation 
gasoline production. This is usually ac- 
companied by some degradation in alky- 


ing alkylate production in any given unit, 
reaction temperature as well as time are 
usually adversely affected, and if this 
unit utilizes HF catalyst, regenerating 
equipment may be overloaded, which 
adversely affects the acid strength fac- 
tor. Also desirable increases in isobu- 
tane concentration and in acid-hydro- 
carbon ratio result in depreciation of 
time factor effect. 

As in many chemical reactions, in- 
crease in time factor gives improved re- 
sults particularly as regards quality of 
alkylate. For practical operation there 
is a minimum time limit below which un- 
satisfactory results are obtained. Also 
increase in time factor above some upper 
limit will result in only minute, and 
hence uneconomical, improvement. Alky- 
lation units have been generally design- 
ed to approach the upper limit, thus per- 
mitting them materially to increase plant 
throughput as increased olefin supply 
was made available. 

It has been previously indicated that 
the optimum temperature plane for sul- 
phuric acid alkylation is materially low- 
er than for HF alkylation. The general 
rule applies that alkylate quality im- 
proves with reduction in temperature 
within certain limits, but the relationship 
of rich octane rating quality does not 
necessarily behave like that for lean 
octane rating quality. 

The alkylation reaction is promoted 
by high isobutane concentrations, which 
has a beneficial effect on quality. Con- 
sideration of isobutane concentration 
deals with ratio to diluents such as pro- 


pane, butane, and pentane, as well as 
with ratio to olefins. 

Acid strength plays an important part 
in the quality of alkylate produced. When 
using sulphuric acid, alkylate quality jg 
a direct function of acid strength em. 
ployed. Catalyst consumption is also jp 
direct proportion to this factor. Obvious. 
ly, for economic and supply reasons, the 
higher strengths cannot be commercial. 
ly employed as the fresh acid make-y 
rate becomes excessive. In the HF proc. 
ess there is evidence that an optimum 
strength favors the rich octane rating 
but variations therefrom has little effect 
on lean rating. 

With either acid catalyst improved re. 
sults are obtained with increasing ratios 
of acid to hydrocarbons, or percentage 
acid in the reaction mixture. About 50 
per cent acid is usually considered a 
minimum. For sulphuric acid there ap. 
pears to be a ceiling above which a ten. 
dency is exhibited to form tighter emul. 
sions in the reaction zone, making acid 
settling quite difficult. No ceiling is as 
yet known for HF. This acid is more 
fluid and hence does not have the emul- 
sifying characteristics of sulphuric acid, 

According to reports, there may be a 
possibility of producing a super aviation 
fuel in which alkylate may play a part 
even more important than it does in the 
current grade. When and if this ma- 
terializes, the oil industry will be pre. 
pared to meet the requirements in the 
same record manner that has signalized 
its accomplishment in supplying the cur. 
rent requirements. kk 














Gauge Tester 


For use wherever spring type gauges need be checked in the field, 
laboratory or plant. The weights being made of brass are not subject to 
loss in accuracy due to chipping or rough handling. Complete unit with 
weights, gauge hand jack and hand set in hardwood carrying case. 
Available in Standard and High Pressure models. 


The accuracy of these instruments is checked by the use of a master 


tester calibrated by the Bureau of Standards. 











Dead Weight 
Gauge 


A practical and exact 
means of checking: 
Rock Pressure at 
Wells, Static Pressure 
on orifice meters and 
Gas Pressures on 
pipe line leakage 
tests. 


This device will measure any gas pressure to a higher degree of accu- 
racy. It does not have to be handled gently. It never has to be checked 
or calibrated. Weights are brass, stacked on posts on same base as ihe 
tester. Available in Standard and High Pressure models. Delivered 
complete with weights and hardwood carrying case. 


Can be put on a line at any connec- 
tion where an ordinary gauge is placed. 


Write for Petroleum Gas Testing Apparatus—Bulletin No. 30 
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1309 Capitol Ave. 


THE REFINERY SUPPLY CO. 


~ Main Office and Plant ——— 


TULSA;3,OKLAHOMA 


Houston,2,lexas 


a 


Ph. 4-8144,1.D. 581 


Ph. Fairfax 5514 
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The Case, or Problem. Method in Engineering 


Education* 


Iv the education of technically trained 
men for industry, the historical develop- 
ment has generally been of the follow- 
ing pattern. When the industry is young 
and the practice is ahead of the science, 
the technical courses consist largely in 
description and discussion of industrial 
practice. As the industry develops and 
becomes of age, the application of scien- 
tific principles to industrial operations 
brings about improved efficiency, and 
competition forces the company to em- 
ploy increasing numbers of scientifically 
trained men. The accompanying changes 
in technical education are in the direc- 
tion of more quantitative treatment of 
the material and in the development and 
application of principles of particular 
value to the new profession. 

The evolution of chemical engineering 
education during the last 20 years may 
be indicative of the current trends and 
future development of petroleum engi- 
neering education. In the 46 years of 
chemical engineering at the University 
of Michigan the graduates have entered 
many different industries, varying from 
pharmaceuticals, heavy chemicals, 
metals, cement, to petroleum refining 
and production. As a result chemical en- 
gineering curricula are now generally 
organized to train men for the process- 
ing of materials of all kinds and in all 
industries, wherever a knowledge of 
chemical principles is helpful. 

The early combination of mechanical 
engineering and descriptive chemical 
technology gave way to more quantita- 
tive methods with the introduction of 
“Principles of Chemical Engineering”! 
in 1923. These quantitative methods 
were developed by the members of the 
profession in applying the principles of 
chemistry, physics, and mathematics, 
and were formulated as a series of so- 
called “unit operations” such as distil- 
lation, fluid flow, filtration, etc., which 
in various combinations constitute the 
processes of industry. 

It is necessary not only to cover the 
fundamental principles of the basic 
sciences, physics, chemistry, and mathe- 
matics, and the principles of the unit 
operations, but also to guide and give 
the student experience in the application 
of these principles to engineering prob- 
lems. In fact probably the best way of 
gaining an understanding and ability 
to use scientific principles is in their 
application to practical problems. In 
making any application of principles it 
Is necessary to make specific application 
to a specific problem. This is done in 
the senior and particularly in the grad- 


*Presented at Annual Meeting, American In- 
ee of Mining and Metallurgical Engineers, 
ew York, N. Y., February, 1944. 


'Walker, Lewis, and McAdams, McGraw-Hill 
00k Company. 


By G. G. BROWN and D. L. KATZ, 


Department of Chemical and Metallurgical Engineering, University of Michigan 


uate courses, and is a most important 
phase of the educational program. 

- The instructor chooses the subject 
material and states the problem in broad 
terms in a manner such as it might be 
presented to the practicing engineer. 
The instructor also gives the necessary 
background of technical and economic 
conditions in the industry in the form of 
lectures, supplemented by references to 
the current literature. 

In order to be effective in chis type 
of instruction, it is necessary for the 
teaching staff to keep in reasonably close 
touch with modern developments in in- 
dustry. It is obviously impossible for any 
one man, burdened with the duties of 
teaching in an engineering college, to 
keep up-to-date with the rapid advance 
of more than one industry. The result 
is that each instructor is encouraged to 
develop and offer a graduate or elective 
course in the application of chemical en- 
gineering to a particular field or indus- 
try in which he may be most competent. 

The petroleum industry offers many 
excellent problems of this type, and be- 
cause of the experiences of some staff 
members as consulting engineers and 
research workers in this field, many 
problems from the petroleum industry 
are used in the general courses, as well 
as in those dealing particularly with the 
petroleum industries. It has been found 
that an intensive study in vapor-liquid 
equilibria and distillation, using prob- 
lems from the petroleum industry, is 
also useful in training a student for the 
synthetic chemical industry. We feel the 
important point is not the particular 
industry or problem treated, but rather 
the use of a sound engineering problem 
to develop the ability of the student so 
that when faced with a practical prob- 
lem he applies the necessary science 
with proper judgment to arrive at a 
satisfactory practical solution. 

As this group is interested primarily 
in petroleum engineering, there is no 
cause at this time to mention the special 
courses in other fields. At present there 
are three selective and graduate courses 
in the Department of Chemical and 
Metallurgical Engineering that make 
special application to the petroleum in- 
dustry. In addition to these formal 
courses there are many research prob- 
lems offered for undergraduate and 
graduate students that enable the stu- 
dent to follow his particular interests as 
far as time may permit. 

In each case the students are expected 
to gather what information they can 
from the published literature, and re- 
ports of pertinent research projects con- 
ducted at the University. Most problems 
are new in every sense of the word, as 
similar problems have not been pre- 
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sented to the class before. The problems 
are worked by the students as a group 
in much the same way as they might 
work on an engineering problem as a 
group in industry. Originality, coopera- 
tiveness, rechecking of all computations, 
and the preparation of a clear report are 
required for a satisfactory solution. 

The first course specifically using pe- 
troleum to illustrate process engineering 
principles covers vapor-liquid equilibria, 
distillation, gas absorption, and the 
other unit operations, combined with the 
physical and thermal properties of pe- 
troleum hydrocarbons as applied to the 
process design of natural gasoline plants 
and crude oil topping units; and when 
time permits, cracking. The practice has 
been to state a problem in rather gen- 
eral terms and allow the students to work 
in groups, presenting the final solution 
in the form of a brief engineering report. 
The early part of the course includes 
short problems involving the behavior 
and processing of natural gas hydro- 
carbons, followed by a report on the 
process design of a natural gasoline 
plant. A similar plan is followed during 
the latter half the course dealing with 
crude oil assay and processing. Usually 
from 3 to 6 weeks are allowed to com- 
plete a design problem accompanied 
with lectures and discussions in class. 

-Following the first course as a pre- 
requisite, two others are available. One 
of these is concerned primarily with the 
problems encountered in petroleum pro- 
duction and includes an intensive study 
of the thermal and physical properties 
of the hydrocarbons encountered in nat- 
ural gas and crude oil and the applica- 
tion of fundamental principles to the 
metering of high pressure gases, com- 
puting oil and gas reserves, the process 
design for ‘cycling plants, dehydration 
plants, and gas storage projects. The 
lecture material gives modern develop- 
ments from a technical and economic 
standpoint in the field of petroleum pro- 
duction, so that the students have the 
necessary background to appreciate and 
understand the place of their problems 
in industry. 

A typical short problem requiring 
one week for solution is to compute the 
meter factor at 1800 lb. per sq. in. and 
110°F. for a natural gas of given analy- 
sis that contains some liquid at the 
specified conditions by assuming the gas 
to be in one phase only and to compare 
the density so computed with that com- 
puted from the composition making al- 
lowances for the relative quantities of 
liquid and gas phases present. 

Each term the longer problems are 
varied. On many occasions, the process 
design and cost estimate for cycling 
plants have occupied the last 5 or 6 
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Put water on a magnesium metal fire 


and the flames will flash up like a fire 
bomb. Other chemicals have no better 
effect. Even under a blanket of sand 
a magnesium fire will continue to 


burn so intensely that it may destroy 
a metal floor. It’s highly dangerous! 











PYRENE G-1 POWDER WILL KILL A MAG- - 
NESIUM FIRE DEADER THAN COLD ASHES. 





HOW YOU GET MAXIMUM FIRE PROTECTION BY STANDARDIZING ON PYRENE 


All Pyrene Fire Extinguishers are precision testing’new ideas for Fire Protection stand 
built of durable materials to give fast posi- firmly behind the production of standardized 
tive action on fires and Jong ‘life for the Pyrene Equipment for every Fire Hazard. 
equipment. The instructions for operation All Pyrene Fire Equipment has been tested, 
and care are simply stated and plainly listed and labeled by the Underwriters’ 
stamped on the face of the extinguisher. 38° Laboratories, Inc., and approved by Factory- 
years of experience, creating, developing and Mutuals. Standardize, be safe with Pyrene. 


BY THE WAY: WHEN DID YOU LAST TEST 
_ THE FIRE EXTINGUISHERS IN YOUR HOME? 











Purene Manufacturing Company 


Founded 1907 


NEWARK 8, NEW JERSEY 


AFFILIATED WITH THE C-O-TWO FIRE EQUIPMENT CO 





weeks of the course. During the curren, 
term, the following problem was solved 
in 4 weeks in the middle of the term: 

“Natural gases under pressure form 
solid hydrates at temperatures in the 
range of 32° to 80°F. provided sufficient 
water is present. Expansion of natural 
gases causes cooling in a manner that 
can be computed from the volumetric 
behavior of the gas. Thus any natural 
gas at a given temperature and pressure 
containing water may be expanded adia. 
batically to a definite pressure before jt 
reaches the conditions at which hydrates 
may form. This condition varies with 
gas composition which may be repre. 
sented by gas gravity, provided the as. 
sumption is made that carbon dioxide. 
hydrogen sulphide and nitrogen are not 
present in appreciable quantities. 

“Draw charts showing for methane. 
and for natural gases having the grayi- 
ties of 0.60, 0.7, 0.8, 0.9. and 1.0 the 
relationship between initial pressure, 
temperature, and pressure to which the 
gas may be expanded without danger of 
hydrate formation.” 

Ten class periods were given to the 
problem including lectures on natural 
gas hydrates, on the thermal properties 
of natural gases including enthalpy-en- 
tropy diagrams, and on the ability to 
represent the composition of natural 
gases by their gravities. Each student 
was assigned a particular gas, the solu- 
tion for which he was responsible in 
about 36 hr. time outside of class. The 
solution made by the students is given 
in a following paper. 

The other course considers special 
problems of the nature encountered in 
petroleum refining, including pyrolysis 
or cracking and the newer developments 
of catalytic operations, which are be- 
coming of increasing importance in 
many other fields than petroleum. 

As mentioned previously, the use of 
petroleum examples is not limited to 
courses listed as petroleum engineering. 
A recent class in an advanced thermo- 
dynamics solved the following problem. 

“As an engineer concerned with pro 
duction, transportation, cycling, and oth- 
er operations involving natural gas, you 
encounter many different types of nat- 
ural gas in various parts of the country, 
and it would be convenient if charts were 
available by which you could rapidly 
and reliably estimate the power required 
for compression, the changes in tempera 
ture accompanying compression, and the 
other thermodynamics properties of nat 
ural gas as a function of some simple 
and easily determinable property of the 
gas. Make a study of this proposition 
and see what can be done.” 

As a solution to this problem, the stv- 
dents prepared the enthalpy-entropy 
charts described in the following papet- 

The introduction of problems of cur 
rent interest to the instructor has been 
found to be very stimulating to the st 
dents. This case method reduces the ga? 
between professional practice and aca 
demic presentations for the student. 





2*A Series of Enthalpy-Entropy Charts for 
Natural Gases,”’ by G. G. Brown. kk * 
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A Series of Enthalpy-Entropy Charts 


for Natural Gases* 


By GEORGE GRANGER BROWN, University of Michigan 


@ Abstract. Enthalpy-entropy dia- 
srams are presented for natural gases of 
0.6. 0.7. 0.8, 0.9, and 1.0 gravity over the 
pressure range of 5 to 10,000 lb. per sq. 
in. and temperature range of 32° to 
700°F. The charts indicate directly the 
work requirement and temperature rise 
for adiabatic compression or tempera- 
ture change for free expansion of nat- 
ural gases. 

Computation and uses of the charts. 
The Mollier diagram (Fig. 4), in which 
the enthalpy (heat content) is plotted 
against the entropy with lines of con- 
stant temperature, pressure, and in some 
cases volume, has been found most con- 
venient when dealing with the compres- 
sion, expansion, and flow of fluids. In 
dealing with the flow of fluids, the sum 
of the increase in the enthalpy, /\H, 
plus the increase in kinetic energy, 
AM ; . plus the increase in poten- 
tial energy, /\MZ, representing the to- 
tal increase in energy of the fluid in flow, 
is equal to the sum of the heat q, and 
work added, —w, to the fluid while flow- 
ing between the entrance and exit of the 
flow system. 

nu 


AH+ AM —-+ AMZ = q—w (1) 
2g 

In cases where there is no significant 
change in potential energy or in kinetic 
energy (velocity), it follows that the 
increase in enthalpy is equal to the total 
energy supplied to the fluid. Under such 
conditions the changes in the property 
of the fluid as it flows through a throt- 
tling valve, choke, or any other similar 
arrangement, may be read directly from 
the enthalpy-entropy diagram by follow- 
ing a horizontal line between the known 
pressures. 

When compressing or expanding a 
gas by means of a compressor or engine 
in which no heat is added to or sub- 
tracted from the gas, but only work 
done, the changes in the properties of 
the gas may be determined along a ver- 
tical line of constant entropy between 
the entering and exit pressures. The 
power required for the compression of 
the gas may be readily determined by 
converting the increase in enthalpy into 
the desired units. 

The enthalpy-entropy diagram for 
natural gases is to the gas engineer what 
the steam diagram is to the steam-power 
engineer. For this reason it would be 
extremely convenient if a reasonably 
satisfactory enthalpy-entropy diagram 
could be prepared as a function of the 
gravity of the gas. A careful study of the 
‘nown properties of natural gas indi- 
cates that this is possible. . 
. *Presented before American Institute of Min- 
ing and Metallurgical Engineers, New York, 
February, 1944. Published in Petroleum Tech- 
nology, July, 1944. 


THE PETROLEUM ENGINEER, Reference Annual, 1945 


The effect of temperature upon the 
enthalpy at constant pressure is ex- 
pressed as the “heat capacity” or “spe- 
cific heat” of the gas. The best available 
data for natural and petroleum refinery 
gases indicate the relationship shown 
in Fig. 1. From this it is clear that the 
specific heat of natural gases is a func- 
tion only of the gas gravity and the 
temperature at amospheric pressure. 

The effect of pressure on the enthalpy 
of natural gases is dependent upon the 
pressure-volume-temperature relation- 
ships. The combined effect of tempera- 
ture and pressure is indicated by equa- 
tion (2). 

dH = MC,dT 


[v 1 (2) | - . (2) 
Ors p 


at constant temperature 


dH, [: { 25) Jer. (3) 
aT) p 


The pressure-volume-temperature re- 
lationships for natural gases have been 
related with an accuracy of about +2 
per cent to the pseudoreduced pressure 
and pseudoreduced temperature through 
the compressibility factor and the fol- 
lowing equation: 


PU we kkk kl kl ke 


in which z is the compressibility factor 
added to the ideal gas equation in order 
to obtain accurate values for natural 
gases.! The pseudocritical pressure for 
a natural gas is the molal average criti- 
cal pressure obtained by multiplying the 
critical pressure of each component of 
the gas by the mol fraction of that com- 





1M. B. Standing and D. L. 
A.1.M.E. (1942) 146, 140. 


Katz: Trans. 
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s 
ponent in the gas and adding these prod- 
ycts for all components. The reduced 
pressure is obtained by dividing the ab- 
solute pressure by the absolute critical 
ressure. 

This sounds rather complicated, but 
fortunately the pseudocritical pressure 
and pseudocritical temperature may be 
approximated in a reasonably satisfac- 
tory manner from the gas gravity.” 

It is therefore possible to determine 
the effect of temperature and pressure 
upon the enthalpy of natural gases from 
simply a determination of the gas den- 
sity. In order to complete the work with 
the preparation of an enthalpy-entropy - 
diagram, the additional preliminary 
Figs. 2 and 3* were prepared. Since 


T=T,T, and P = P,P,, by definition, 


J ART pg] 2 
dH \ P,P. P,P. 
4 TrTef Oz lp dP, 
PPAATT,) P. aS 
dHy > AHy 








__ RT. Oz dP. — 
T at 2 ae T 


P.—P, 
=n{ = 1,(2) dP, . (5) 
P.=o or,7 P, 


It is therefore possible to prepare Fig. 3 
by integration of equation (5). The 


values for ( ar )e 


by plotting z as a function of T, for 
lines of constant P, and differentiating 


are determined 





) . These values 


r 


: Oz 
graphically for | — 
are then used in equation (5) and the 
integration accomplished graphically by 


patine( 2 ) agains P, for lines of con- 
oT, J P, 
stant T, and getting the areas under the 
curves from P, = o. 

Similarly, 


r 


— OV) ap 6) 
dS = = dT — (25). (6) 
at constant temperature 
a (2 dP (7) 
ory » 


In terms of reduced temperature T, 
and reduced pressure P,. 


4 Tele (_O=_ P.dP, 
P,P. \T.dT, J P, 


jas-—(r[s 


Oz 


PO ee Pe 
(. In rb] aaah 


(8) 


*D. L. Katz: Proc. Natural Gasoline Associa- 


p7y of America (1942) 47; Refiner (1942) 21 


p, Fig. 8 vefers to P771.021 in The Petroleum 
r “gineer’s Continuous Tables. It was published 
‘rst in the August, 1944, issue, page 203. 





which may be solved by graphical meth- 
ods as for equation (5) using a particu- 
lar reference pressure. A more conven- 
ient procedure, which also gives infor- 
mation concerning the fugacity, is by use 
of the following equations: 


dinf =dinP Aap 
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;——; 
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.-=s 
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P.dP, = -——dP, 
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on tl z—1)d In P,.. 
"?P ay 


Equation (9) may be 
graphically by a single operation to ob- 
tain Fig. 2. 


Fig. 3 is computed from Fig. 2 by 
means of the following relationships: 


F,—F, = RTIn 2 
o f, 
- RT Inf, —RT Inf, 
. ? - f, 
Y ¥""*< 


differentiating with respect to T 
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If state 1 is taken at a low pressure, 
so that f, = P,, the last term becomes o, 
and since P is constant for any differen- 
tial at constant pressure 
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aS _rtf ? hs 


OT Jp 


The last term is evaluated by plotting 1n 


5 against In T, from Fig. 2 and differ- 


entiating graphically. In preparing the 
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integrated 





enthalpy-entropy diagram, Figs. 4 
through 8, a reference state of 0 enthalpy 
was chosen for each gas at 32°F. and 
14.7 lb. per sq. in. abs. Using this as the 
starting point, the enthalpy at atmos- 
pheric pressure could be determined for 
all temperatures for each gravity of gas 
by use of the data of Fig. 1 and the 
following equation: 
AH, = f§ MC,dT 

Similarly, the reference state for the 
entropy of all gases was taken as 32°F. 
and 14.7 lb. per sq. in. abs. The entropy 
for all temperatures and each gas was 


then computed by means of the data in 
Fig. 1 and the following relationship: 


MC 
S, = \——? dT 
AS, fo 


At this point the data at each 100°F. 
were cross plotted as a function of the 
gravity of the gas, in order to eliminate 
any errors or irregularities in calcula- 
tion. The enthalpy was then plotted as a 
function of entropy, establishing the 
constant pressure line of 14.7 Ib. per sq. 
in. abs. on each of Figs. 6 through 8. 

The enthalpy at 5, 10, 50, 100, 200, 
500, 1000, 2000, 5000, and 10,000 Ib. per 
sq. in. abs. was then computed for each 
100°F. using the data obtained for these 
temperatures at one atmosphere pres- 
sure and the data on Fig. 3. 

Similarly, the entropy at these pres- 
sures and even 100°F. was computed 
from the data just obtained and the use 
of Fig. 2 as follows: 





AH— AF ' 
Poo a A = /\ 
T il 
f.P 
AH—RT n= 
ichnstintiniaetie ae: 


T 


As before, the enthalpy at specified 
temperatures and pressures were cross 
plotted as a function of gas gravity as a 
means of checking errors and irregu- 
larities in computations. It was found 
that the computations themselves fell 
on consistent smooth lines and no signi- 
ficant leveling of the data was required. 


The final data were plotted as indi- 
cated in Figs. 4 through 8 and the inter- 
mediate pressures and temperatures 
were interpolated. These charts may be 
used in the same manner as the H—S 
diagram for steam. For convenient esti- 
mates of the temperature drop on free 
expansion, follow a constant enthalpy 
horizontal line. For the increase in 
enthalpy on adiabatic compression, fol- 
low a constant entropy vertical line. The 
charts are also suitable for plotting 
Fanno and Rayleigh lines in the study 
of high-velocity flow, as described in va- 
rious texts on thermodynamics. 


@ Acknowledgment. These plots, 
among others for natural gases contain- 
ing nitrogen, were prepared by J. T. 
Banchera, N. Fatica, W. Harbert, J. L. 
McCurdy, M. J. Rzasa, G. W. Preckshot, 
and C. McKinley, graduate students in 
chemical engineering (1942) at the Uni- 
versity of Michigan. R. S. Neymark, a 
senior in chemical engineering, inked 
the original charts. kkk 
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Wl. ige Gesurance for Cracking Tab 


Chromium steel cracking tubes are used in this modern fur- 
nace installation because good resistance to oxidation and hot 
oil corrosion is a “must.” Laboratory and field tests clearly show 
that the life of tubes—and of tube supports, too—varies with 
chromium content of the steel. 

In addition to the 4 to 6 per cent chromium steels so com- 
monly used in refining equipment, many high-chromium steels 
are specified for high-temperature processes and the handling 
of highly corrosive crudes. Chromium steels should always be 
considered for applications where corrosion or oxidation re- 
sistance is required. 


BUY UNITED STATES WAR BONDS AND STAMPS 





(Picture courtesy, The Lummus Co.) 








Other interesting uses of stainless steel are described in ELECTROMET REVIEW 
published by ELECTRO METALLURGICAL COMPANY, the Unit of UNION CARBIDE 
and CARBON CORPORATION that produces alloys for making steel. If you are 
an executive, engineer, or designer you can be put on the mailing list for 
ELECTROMET REVIEW by sending your name on your business letterhead to ELECTRO 
METALLURGICAL COMPANY, Room 328, 30 East 42nd Street, New York 17, N.Y. 





222 THE PETROLEUM ENGINEER, Reference Annual, 1945 





pres 
expa 
have 
grav 
hydr 
gase 
Thes 
of tl 
expa 
char 
pans 
form 


brig. 
Mar 
who 
the « 
lurg 
of M 


sum) 


drat 
natu 
form 
tem] 
pres 
gase 
crea 
free] 





*Pp; 
Minit 
City, 
Tech 
Janu 


o~ 


PRESSURE FOR HYDRATE FORMATION, LB. PER SQ. IN. ABS. 





THE 















P 771.13 


Prediction of Conditions for Hydrate 
Formation in Natural Gases* 


By DONALD L. KATZ, Professor Chemical Engineering, University of Michigan 


@ Abstract. Charts for predicting the 
pressure to which natural gases may be 
expanded without hydrate formation 
have been prepared for gases of even 
gravity. Pressure-temperature curves for 
hydrate formation were established for 
gases having gravities from 0.6 to 1.0. 
These curves and the thermal behavior 
of the gases during free and adiabatic 
expansion were used. to prepare the 
charts for estimating the permissible ex- 
pansion of natural gases without hydrate 
formation. 

The problem was solved by L. F. Al- 
bright, W. T. Boyd, J. J. McKetta, G. 
Martin, F. Poettman, and A. P. Snyder, 
who are first-year graduate students in 
the department of Chemical and Metal- 
lurgical Engineering at the University 
of Michigan. This paper is essentially a 
summary of their results. 


@ Prediction of conditions for hy- 
drate formation in natural gases. Each 
natural gas under a given pressure will 
form solid hydrates at.a corresponding 
temperature provided sufficient water is 
present.© The temperature of natural 
gases below about 5000 Ib. per sq. in. de- 
creases when the gases are expanded 
freely.°:? This decrease in temperature 





*Presented before the American Institute of 
Mining and Metallurgical Engineers, New York 
City, February, 1944. Published in Petroleum 
Technology, July, 1944. Manuscript completed 
January, 1944. 


may cause the expanding gas to enter 
the region of temperature and pressure 
at which hydrates will form. The final 
pressure to which a natural gas may be 
expanded without hydrate formation de- 
pends upon the initial temperature and 
pressure and gas composition. 

This paper presents charts that give 
the final pressures to which gases of 
gravity 0.6 to 1.0 at given initial tem- 
peratures and pressures may be ex- 
panded without formation of hydrate. 

@ Hydrate-forming temperatures and 
pressures as a function of gas gravity. 





TABLE 1 
Typical compositions of natural 
gases corresponding to gas gravities. 


| | | aa 
Calculated gas| | 
gravity.....|0.603 0.704 |0.803 0.906 |1.023 


Constituent Mol fractions 


350/0 6198/0 .5471 


| 
| 











Methane . |0.9267 |0.8605,0.7 
Ethane . 10.0529 |0.0606 0.1340)0.1777\0.1745 
Propane......|0.0138 |0.0339/0.0690/0. 1118/0. 1330 
i-butane. . |0.00182) 0.00840 0080/0 .0150)0 .0210 
n-butane. .. . . |0.00338]0.0136 0.0240 0 .0414/0 0640 
Pentanes plus. |0.0014 |0.0230,0.0300 0 .0343)\0.0604 
Pressure by 
hydrate for- 
mation at 50° | 
F., Ib. per sq. | 
in abs.: | 
Calculated..| 462 | 323 | 254 | 203 | 191 
Smooth | | 
curve, Fig.1| 450 318 | 261 | 220 | 189 








Experimental data of pressure versus 
temperature at which solid hydrate will 
form, provided sufficient water is present, 
are available for a series of gases.?> A 
method of predicting the pressure-tem- 
perature curve for a given gas composi- 
tion has been reported. The solution to 
this problem requires that these curves 
relating pressure to temperature be e€s- 
tablished for gases of given gravities. 

Compositions of typical natural gases 
were selected to cover the gravity range 
from 0.6 to 1.0. The pressures at which 
hydrate would form at 40°, 50°, 60°, and 
70°F. were computed, using vapor-solid 
equilibrium constants.! The results of 
these calculations, along with the experi- 
mental data,?»* were plotted on Fig. 1, 
using gas gravity to represent composi- 
tion.*-® from the smooth curves on Fig. 
1, the curves of Fig. 2 were drawn, using 
the experimental curves? as a guide for 
the straight-line section at high pressure. 
The curves were terminated at 4000 lb. 
per sq. in., since the nature of the curves 
at higher pressures is not known. 

As there was considerable variation 
between the points and the curves 
drawn on Fig. 1, the compositions of 
some natural gases represented by the 
hydrate curves on Fig. 2 for a given 
gravity are tabulated in Table 1. Only 
natural gases having compositions simi- 
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FIG. 7. Permissible expansion of a 0.8 grav- FIG. 8. Permissible expansion of a 0.9 grav- 
ity natural gas without hydrate formation. ity natural gas without hydrate formation. 
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FIG. 9. Permissible expansion of a 1.0 grav- FIG. 10. Cross plot of Figs. 4 through 9 at 
ity natural gas without hydrate formation. 2000 Ib. per sq. in. abs. initial pressure. 
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A single Vapor-Lift Roof Tank (available in sizes up to 100,000 bbl.) provides excess 
vapor capacity to accommodate the breathing of additional cone roof tanks. 


Bulletin VLR-1 containing complete details will be sent upon request. 
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5 @ Charts for predicting permissible pressure may be expanded freely,. de- sure for gases of even gravities by fol- 
espanvien of natural gases without hy- creasing temperatures corresponding to lowing constant enthalpy lines for free 
drate formation. The curves of Fig. 2 decreasing pressures, until this expan- expansion. Fig. 3 gives the pressure- 
are the minimum temperatures at cor- sion curves reaches the hydrate-forma- temperature curves when expanding a 
responding pressures to which a given tion curve of Fig. 2. 0.6 gravity gas from 2000 lb. per sq. in. 
gas may be cooled by expansion, or oth- The enthalpy-entropy charts de- and 110°F. (A) and from 1900 Ib. per 

b1G. 3. Intersection of free expansion curves with FIG. 4. Permissible expansion of 
hydrate formation region for ©.6 gravity gases. methane without hydrate formation. 
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sq. in. and 120°F. (B). The intersec- 
tion of these curves with the hydrate- 
formation curve taken from Fig. 2 is the 
final pressure to which the gases may be 
expanded without hydrate formation. 

Using the enthalpy-entropy charts’ 
and the curves from Fig. 2, charts were 
constructed giving a complete range of 
initial pressures and temperatures with 
corresponding final pressures to which 
the gases may be expanded freely with- 
out hydrate formation. Fig. 4 gives the 
relationships for pure methane while 
Figs. 5 through 9 are for the natural 
gases of given gravity. 

The enthalpy-entropy information for 
methane was limited to 3000 lb.,1° hence 
this chart does not go to the 10,000-lb. 
initial pressure used for the natural 
gases. 

Errors in constructing the charts were 
located by cross-plotting the final pres- 
sures to which the gases could be ex- 
panded as a function of gas gravity for a 
series of initial pressures. The cross plot 
for a 2000-lb. initial pressure is given by 
Fig. 10. 

The reversal in the curves at high final 
pressures on Figs. 5 through 9 occurs be- 
cause the temperatures of natural gases 
increases on free expansion from above 
5000 to 6000 lb. per sq. in. and then de- 
creases after reaching pressures in this 
range. This pressure at which gases de- 
crease in temperature depends upon the 
compressibility-factor curves. Where the 
rate of change of the compressibility 
factor with temperature is positive, the 
gas decreases in temperature upon ex- 


pansion, and where the rate of change is 
negative, the gas increases in tempera- 
ture upon free expansion. 

The slight curvature of the initial tem- 
perature curves at low final pressures is 
due to the exit of the free expansion 
curve from the hydrate-formation region 
as illustrated by curve B of Fig. 3. When 
two alternative final pressures are given 
for an initial pressure and temperature, 
the final pressure after expansion with- 
out hydrate formation may be the higher 
pressure as a minimum and the lower 
pressure as a maximum. 

@ Uses of the charts. Figs. 4 through 
9 may be used to solve two types of 
problems, with examples as follows: 

1. How far may a 0.6 gravity gas at 
2000 lb. pressure and 100°F. be ex- 
panded without danger of hydrate for- 
mation? The answer, from Fig. 5, is 1050 
Ib. per sq. in. abs. 

2. How far may a 0.6 gravity gas at 
2000 lb. and 140°F. be expanded with- 


out hydrate formation? The answer, 


from Fig. 5, is that hydrates will not 
form upon expansion to atmospheric 
pressure. 

3. A 0.6 gravity gas is to be expanded 
from 1500 Ib. to 500 lb. What is the mini- 
mum initial temperature that will permit 
the expansion without danger of hy- 
drates? The answer, from Fig. 5, is an 
initial temperature of 99°F. or above. 

4. A 0.6 gravity gas at 10,000 lb. and 
140°F. is expanded freely and adiabati- 
cally: 

a. At what lower pressure will the 
temperature become 140°F.? 


b. At what pressure would hydrates 
be likely to appear if sufficient water jc 
present? 

The answer, from Fig. 5, is (a) 4309 
Ib. and (6) 1150 lb. 

Similar problems may be solved for 
gases of other gravities with interpola. 
tion between charts when necessary, 

A word of caution should be givey 
that the charts are valid only for gases 
having similar compositions for the 
gravities corresponding to those of Table 
1. The expansions described are always 
free and adiabatic. Hydrates will form 
only when sufficient (usually liquid) 
water is present, and the charts do not 
apply to anhydrous natural gases. 
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NATIONAL AIROIL EQUIPPED FURNACE CHALKS RECORD RUN 


Over 10,000,000 Barrels 


... Processed in 6,366 Hours 


Sixteen National Airoil Tandem Block Oil Combustion 
Units, plus sixteen National Airoil ‘‘Airocool’’ Gas 
Burners assisted this double-end-fired crude furnace in 
making a record continuous run of 6,366 hours to process 
more than ten million barrels total charge, at the Bayway, 
N. J., refinery of the Standard Oil Company of New 


Jersey. 


NATIONAL AIROIL TANDEM BLOCK OIL COM- 
BUSTION UNITS are widely preferred by users for these 
reasons—(1) Fire efficiently, liquid or gaseous fuels (2) 
Quick change from fuel oil to gas with no alteration of 
equipment (3) Efficient combustion with minimum of ex- 
cess air and shortest possible flame. (4) Easily regulated 
... either manual or automatic control. (5) Maintenance 
costs so low as to be practically negligible. 
NATIONAL AIROIL “ATROCOOL” GAS BURNERS 
are of the venturi inspirat- 
img or atmospheric type... 
for all kinds of industrial 
furnaces and boilers using 
higher pressure gas. 
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is among the large number of refineries throughout the country which we have supplied with 
combustion equipment. Thirty-three years’ experience and continual research have kept ¥% 
abreast of the changing requirements brought about by the newer processes and developments 
in the industry. 


One end of crude furnace showing eight of the National Airoil Tandem Block Oil Com- 
bustion Units and eight National Airoil ‘‘Airocool'’ Gas Burners. This is one of four crude 
furnaces of identical size located in this company's refineries. Standard of New Jersey 


Let us apply our 33 years specialized experience to your problem. 


GAS BURNERS ~° 
AIR DOORS ° 


GAS PILOTS 
BURNER BLOCKS 


NATIONAL AIROIL BURNER Company, Incorporated 
1259 EAST SEDGLEY AVENUE, PHILADELPHIA 34, PENNSYLVANIA 


OIL BURNERS 
ACCESS DOORS ° 


PUMP SETS *+ EXPLOSION DOORS 
FURNACE OBSERVATION WINDOWS 
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A Rapid Test for Isobutane (+) Fractions in 
Natural Gasoline Plant Absorber Residue Gases* 


By G. M. LILJENSTEIN and W. M. SCHAUFELBERGER, California Research Corporation 


Princ the last few years isobutane 
and normal butane have become critical 
war materials, and as a result natural 
gasoline absorption plant operations 
have been stepped up for maximum ex- 
traction of these fractions. This condi- 
tion has created the need for a rapid field 
testing method for determining the losses 
of isobutane(+-) fractions in the plant 
residue gases. The conventional frac- 
tional analysis method has proved unsat- 
isfactory because very large samples 
must be analyzed to obtain accurate cuts 
when the key fractions are present in low 
concentrations. Consequently time re- 
quirements are excessive and there is too 
much delay in obtaining results. 

The need for a quick test was met by 
developing a method along the lines of 
the Butanes Absorption- Weathering test 
(BW test) for pentanes(+-), which 
was presented at the February, 1935, 
meeting of the California Natural Gas- 
oline Association by R. N. Donaldson of 
the Standard Oil Company of California. 
This earlier pentanes(-+-) test consists 
of passing a metered volume of gas 
through a liquid butane solvent at —44° 
F, temperature and weathering the con- 
tacted solvent to a prescribed end point 
temperature. The new isobutane(-}-) 
test is similar except that it is run at 
—110°F. and employs a liquid propane 
solvent. This similarity permits combin- 
ing the two methods, and both have been 
incorporated in the accompanying pro- 
cedure, thus providing a means for de- 
termining the butanes and the pentanes 
(+) contents of absorber residue gases. 
The butanes may be split into iso and 
normal butane when absorption factor 
and intake composition data are known. 


@ Apparatus and procedure. Fig. 1. 
shows a drawing of the combination tube, 
which is employed in both the absorption 
and weathering steps. The tube is filled 
to the 100 ml. mark with the appropriate 
solvent and immersed in an L.P.G. cool- 
ing bath. The test is conducted at a low 
temperature to minimize the loss of bu- 
lanes or pentanes(-+-) fractions during 
the absorption step and to prevent exces- 
sive loss of solvent. The meter and auxil- 
lary equipment are connected as shown 
in Fig. 3. The gas to be tested is passed 
through the solvent until the desired 
amount of material is absorbed. The con- 
tacted solvent is then allowed to weather 
in the air until the liquid residue reaches 
the prescribed end point temperature. 
Boiling is then stopped by momentarily 
immersing the tip of the tube in the cool- 
ing bath, and the residue volume is read 
and recorded. The residue volume is then 
Converted to ml. of isobutane(-+-) or 


———e 
*Presented before California Natural Gasoline 
sociation, Los Angeles, October 13, 1944. 


pentanes(-+-) by the standardization 
charts given herewith. 

Specifications for the two solvents, 
which are given in the description of pro- 
cedure, show that the B-W test employs 
an absorbent consisting of a pentanes- 
free mixtures of isobutane and normal 
butane containing a maximum of 10 per 
cent of propane. The quality of this sol- 
vent changes somewhat during the ab- 
sorption step, and an intermediate weath- 
ering temperature (10 ml. vol.) is re- 
quired for proper interpretation of the 


residue results. The P-W test solvent 
consists of butanes-free propane cut con- 
taining a maximum of 5 per cent ethane. 


@ Standardization curves. Standardi- 
zation charts, Fig. 6 and 7, convert the 
B-W test residue volume to actual milli- 
liters of pentanes(-+-) . The curves shown 
in Fig. 6 were obtained by adding known 
amounts of normal pentane to a butanes 
solvent and weathering the mixture to 
the end point temperature of 35°F. Resi- 
(Continued on Page 233) 
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STAMINA’, 


oe you find more of it in Marsh Ga ual 


@ course a pressure gauge should be responsive to 
the most delicate changes in pressure. That is easy 
enough to accomplish in an instrument built along 
delicate lines, and such a gauge may be all right in a 
physics laboratory. 


But the industrial application is a horse of another 
color. The gauge out on the job may be hit with a surge 
of over-pressure. Or Joe Doak may sock it with a piece 
of pipe he is carrying. Or anything else may happen. 
So the industrial gauge must be both as sensitive as a 
cat’s whisker, and as sturdy as an ox. 


That’s the hard combination of qualities to achieve, 
and the remarkable degree with which it is achieved 
in Marsh Gauges distinguishes them from all others. 
Every part and element of Marsh Gauges is designed 
and built with an eye on stamina and the lasting accu- 
racy it assures... the better bourdon tubes... the pre- 
cise but rugged movement protected from external 
. Shocks by the Marsh “unit construction” . . . the stur- 
dier gearing and linkage . .. many other refinements. 


Tests like those shown here are at the top of our 
precaution list. We make Marsh Gauges to stand up, 
and we constantly prove their ability to do just that by 
pulsation and vibration tests. Make no mistake about 
it: The stamina of Marsh Gauges is truly an undupli- 
cated feature! 


JAS. P. MARSH CORPORATION 
2097 SOUTHPORT AVE., CHICAGO 14, ILLINOIS 
Export Department: 155 E. 44th St., New York 17, N. Y. 


GOOD NEWS FOR 
THE PETROLEUM 
INDUSTRY 


is the Marsh Branch 
plant at Houston. It 
means prompt shipment 
from a complete stock 
... complete engineer- 
ing service . . . facilities 
for repairing all makes 
of gauges. 





*One of a series of advertisements high-lighting the 
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This pulsation test won't take "no" for an answer. 
It searches out bourdon tube and other weaknesses 
... has fathered many improvements in materials, 
manufacturing methods and design. 


Brutal vibration is what gauges are subjected to in 
this test. Representative gauges from each produc- 
tion group are here given a far rougher shaking up 
than they would receive in any conceivable field 
application. 
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(Continued from Page 231) 
due volumes and observed 10 ml. tem- 
peratures were then plotted against the 
milliliters of normal pentane added to 
the solvent. This curve sheet is appli- 
cable when the quality of the pentanes 
(+) is equivalent to normal pentane. 
When the quality is not equivalent to 
normal pentane, Fig. 7 is used to convert 
the milliliters of normal pentane to ac- 
ual milliliters of pentanes(-+-). A factor 
of 0.5 is normally used for the losses due 
tothe vapor pressure of the lean oil, and 
2 1.0 factor for the losses due to incom- 
plete absorption. The absorption loss 
can be neglected when the absorption 
factor with respect to isopentane is 2.0 
or higher. 

Fig. 5 converts the P-W test residue 
volume to milliliters of isobutane (-+-). 
The pentanes(-+-) percentage for this 
interpretation is obtained from the B-W 
test result, or it may be calculated from 
the vapor pressure of the lean oil when 
the isopentane absorption factor is‘above 
20. This chart was developed by adding 
known amounts of isobutane, normal bu- 
tane, and pentanes(-+-) to a propane 
solvent and weathering the mixture to an 
end point temperature of —37°F. It was 
found that variations in the isobutane- 
normal butane ratio had little effect on 
results in the presence of the pentanes 
(+) fractions. 

After converting the test residues to 
nilliliters of isobutane(-++-) or pentanes 
(+) by use of the standardization 
curves, the gallons per thousand cubic 
feet enrichments are computed accord- 
ing to the usual formula. 


@ Accuracy. In developing this testing 
method, it was concluded that determi- 
nations of absorber losses within +10 
per cent would be satisfactory. To ac- 
complish this is difficult because 10 per 
cent accuracy on a 0.10 gal. per 1000 cu. 
ft. residue gas requires accuracy to with- 
in 0.01 gal. per 1000, which corresponds 
to about 0.03 per cent with respect to the 
total gas sample. Judging from the com- 
parison with 30 to 40 hr. analyses on sev- 
eral absorber residue gases, Fig. A, this 
objective has been met reasonably well 
for the average range of conditions. Dis- 
crepancies are expected when materials 
present in the gas deviate widely from 
conditions of standardization. When this 
source of error is serious, it is not diff- 
cult to prepare special calibration 
curves. One advantageous féature of the 
test is that workable quantities of liquid 
isobutane(-+-) or pentanes(-}-) may be 
accumulated by passing a sufficient vol- 
ume of gas through the absorption tube. 


@ Application. The chief advantage of 
the test rests in the ability to obtain an 
answer at the plant in a relatively short 
time. A test may be completed and re- 
sults computed in about two hours’ time. 
f necessary, plant operations may be 
changed immediately and improvements 
checked by a repeat test. 

lt is especially adapted to obtaining an 
absorption factor test relationship such 
4s shown in Fig. B. The absorption fac- 
lor-residue loss curves so obtained pro- 
Vide a valuable tool for evaluating ab- 
sorber losses over a range of operating 

















FIG. 2 
C.N.G.A. liquefied petroleum gas thermometer specifications (TS-433). 
Test C.N.G.A. high L.P.G. test C.N.G.A. low L.P.G. test 
Liquid er or ae Mercury | Toluene or mercalloy 
Se pad (hay Neel Oi eke. sees Mechel stegn, ave uep Sent Etched stem, glass, plain front 
Temperature range...................00000. 0° to plus 45°F. 0° to minus 70°F. 
i oe ae te we 1/5°F. 1/2°F. 
EEL Ss os s)og5s ds vanes seule ukeae 15-in.1-in. 13)4-1n.+.6-in. 
NN. 5.4.5.< cienasicutassnncke veneer 5 to 8 mm. 5 to7 mm. 
ae es =e 5 to 6 mm. 6 mm. +0.5 mm. 
Pio asc s.cecadoxcksel eaueaee 17 to 21 ma. 20 to 25 mm. 
Length of scale. . eee a ee 11-in.+-1-in. 5}4-in.}4-in. 
Top finish . . etic aly ee ea Crake Glass ring Glass ring 
Longer graduations at each.................. 1°F. , 1°F. 
Graduations numbered at each multiple of... . . 2°F. SF. 
eg EE SS 11%-in. 4}4-in. 
le error at any point when standardized 
vial a OE YF. (0 to -35°F. range) 





1/10°F. 
Ne csianbabansicueg eee Shall permit heating to 140°F. and be at least 1-in. above the top 
uation on scale. 


Expansion chamber. 















CaCl » 
WEATHERING TUBE 
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WIDE MOUTH 
THERMOS BOTTLE 
_ CONTAINING L.P.G. 
COOLING MEDIUM 
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GAS 
SOURCE Xe p 
FIG. 3. ARRANGEMENT OF APPARATUS 
conditions. Also, in conjunction with in- tory means of comparing absorber effi- 
take analyses, they provide a satisfac- ciencies. 


DETERMINATION OF THE ISOBUTANE (+-) AND PENTANES (-1-) 
CONTENTS OF ABSORBER RESIDUE GASES 


@ Scope. This procedure presents Drying tube, consisting of a tube 34- 
methods for determining the isobutane in. in diameter by 2 ft. long, or its 
(+) content (P-W Test) and/or the equivalent, containing 8 mesh anhy- 
pentanes pentanes (-+) content (B-W drous technical grade calcium chloride. 
Test) of natural gasoline plant absorber Solvents, conforming with the follow- 
residue gases. The two tests ate similar ing specifications: 

except that the isobutane (-+-) material PW ssivent B-W echvent 
is absorbed in a propane solvent at Ethane __ _ 5% max. ~- 
—110°F., whereas pentanes (++) ma- Propane 95% min. 10% max. 
terial is absorbed in a butane solvent at Isobutane None Balance 
—44°F. N-butane - None 30-40% 
@ Apparatus. Pentanes (-+-) None None 


Absorption - weathering tube, screen 
plates, conforming to the specifications 
shown in Fig. 1. 

Thermometers 


These solvents must be made from 
paraffinic liquefied petroleum gas stocks, 
as produced in natural gasoline oo 
Ww : . Cooling coil. The cooling coil sha 
P-W test, ——s a. rat consist of 4 ft. of 14-in. O.D. seamless 

LOW LPG. test ther. copper tubing formed into a spiral by 

mometer in Fig. 2. winding ona short length of $4-in. pipe, 

B-W test, conforming to the specifi. “!lowing sufficient length of tubing to 
catiens fer ee CRSA. connect the bottom of the spiral to the 

HIGH L.P.. test. ther- liquefied gas sampling connection. The 
mometer in Fig. 2 outlet extension of the coil shall be fitted 
fee with a needle valve; and a short piece 


Displacement meter, of known cali- ; : 
. ¢ . of flexible tubing shall be attached to 
bration, capable of measuring the gas the valve outlet for insertion into the 


volume to 0.01 cu. ft. or less; preferably : 
reserved for tests on lean gases to avoid neck of the weathering tube. 
condensate errors. (Continued on Page 236) 
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ML. — RESIDUAL VOLUME AT END POINT TEMP. (-37 F-760 MM. HG.) 



















































































: betes 
FIG. 4. 
Relation between barometric pressure (or elevation) and 
10 ml. temperature correction and end point temperatures 
| ; Correction to [aan 
: Barometric | observed 10 ml. | B-W test P-W test 
Elevation, ft. | pressure, weathering end point end point 
: | mm. of Hg temp., °F. temp., °F. | temp., °P, 
—450 to —276 | 770 Deduct 0.6 +35.6 —36.4 
(below sea level)... | 
—275 to —101 765 Deduct 0.3 +35.3 —36.7 
(below sea level)... 
~-100 to +100 . 760 0.0 +35.0 —37.0 
(above sea level)... 
100to 275....... 755 Add 0.3 +34.7 —37.3 
276to 450..:.... 750 Add 0.6 +34.4 —37.6 
451to 650....... 745 Add 0.9 +34.1 —37.9 
65l1to 850....... 740 Add 1.2 +33.8 —38.2 
851 to 1025....... 735 Add 1.5 +33.5 —38.5 
1026 to 1200....... 730 Add 1.8 +33 .2 —38.8 
1201 to 1400....... 725 Add 2.1 +32.9 —39.1 
1401 to 1600....... 7. Add 2.4 +32.6 —39.4 
1601 to 1800....... 715 Add 2.7 +32.3 —39.7 
| 1801 to 2000.. 710 Add 3.0 +32.0 —40.0 
| 2001 to 2200....... 705 Add 3.3 +31.7 —40.3 
7 a Pq 2201 to 2500....... 700 Add 3.6 +31.4 —40.6 
| & P 4 4-14 2501 to 2900...... 690 Add 4.2 +30.8 —41.2 
2 gear 2901 to 3300....... 680 Add 4.8 +30.2 —41.8 
| } | 3301 to 3700....... 670 Add 5.4 +29.6 —42.4 
| 3701 to 4100....... 660 Add 6.0 +29.0 —43.0 
| 4101 to 4450....... 650 Add 6.6 +28.4 ~—43.8 
| 4451 to 4850...... 640 Add 7.2 +27.8 —4.2 
| | 4851 to 5250...... 630 Add 7.8 +27.2 —44.8 
| H | 5251 to 5650....... 620 Add 8.4 +26.6 —45.4 
5651 to 6050....... | 610 Add 9.0 +26.0 —46.0 
| 


P.W. TEST 
STANDARDIZATION CURVES 


























a ee: 
FOR ABSORBER RESIDUEJSOBUTANE (+) IN PROPANE SOLVENT.) 
t+ | ie Oe REED 
2.4 | FIG. 5 re 
| Be ee 
7 SE ot bbb LE 
2.0 ISOBUTANE (+) . | 
1.8 = ISOBUTANE /N-BUTANE = 2.5/1 
PENTANES (+) 69 API - 
1.6 7 5 G/M=.264 
“l (1+ COR. CU. FT.) (M.L. ISOBUTANE) | 
; ke 100 COR. CU. FT. 
1.2 + SE OS ESOS EREEGE 
USER EREE REDS 
1.0 Bes) | bade 
| acd Lif bat dl 
| | fae aeee ee ae | 
0.6 0.8 1.0 


1.2 1.4 1.6 1.8 2.0 2.2.2.4 2.6 2.8 3.0 3.2 3.4 
“ML. ISOBUTANE (+) AT 60°F. 








(Continued from Page 233) 

Low temperature cooling baths. A low 
temperature cooling bath contained in a 
one-quart, wide-mouth thermos bottle is 
required in each test. The bottle shall be 
filled with a CO,-snow-commercial pro- 
pane mixture (Bath A) for the P-W 
test, and with commercial propane only 
(Bath B) for the B-W test. To avoid 
foaming, the CO,-snow-propane bath 
shall be prepared by filling the thermos 
bottle first with CO,-snow and then with 
propane, after which additional CO, 
may be added. 

Water bath (B-W test only). The 
water bath shall be at least 4 in. in depth 
and of sufficient volumetric capacity that 
it will maintain a temperature of 60-70° 
F. throughout a test, by a single temper- 
ature adjustment before starting. A glass 
battery jar approximately 6 in. O.D. and 
12 in. high, is recommended. 
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Ice bath (B-W test only). A thermos 
bottle filled with finely crushed ice in dis- 
tilled water shall be provided to check 
the accuracy of the test thermometer. 

Tube support. Means shall be pro- 
vided to support the absorption tube in a 
vertical position during the weathering 
step. 

Field kit. In addition to apparatus spe- 
cified above, a kit for field tests shall in- 
clude extra one-quart pyrex thermos bot- 
tles for the storage of solvents and re- 
frigerants, pinch clamps, and sufficient 
copper and rubber tubing for connec- 
tions. The complete kit for both P-W and 
B-W tests will then include the following 
items: 

2—Absorption-weathering tubes with 

screen plates 

2—-One-quart, small-mouth thermos 

bottles holding solvent 
1—One-quart, small-mouth thermos 


bottle holding commercial pro. 
pane 


1—One-quart, wide-mouth thermos 
bottle holding CO,-snow 
2—-One-quart, wide-mouth — thermos 


bottles (Bath A and Bath B) 
1—Thermos bottle, ice bath 
1—Meter 
1—CaCl, drying tube 
2—Pinch clamps 
1—-Weathering tube support 
2—-C.N.G.A. L.P.G. test thermometers 

1-HIGH Test, 1-LOW Test) 
Sufficient copper and rubber tubing 

for connections. 


@ Preparations. 


Check thermometers. The C.N.G.A. 
HIGH L.P.G. test thermometer shall be 
inserted in the ice bath and checked for 
accuracy. If the thermometer fails to 
read 32°F. + 0.1°F., an attempt should 
be made to adjust it to that condition, by 
warming to above 40°F. and/or cooling 
below 10°F., tapping gently to cause sep- 
arated globules of mercury to join the 
main column. If the thermometer is in 
error with the mercury column intact, It 
should not be used. 

The C.N.G.A. LOW L.P.G. test tolu- 
ene thermometer shall be inspected be- 
fore each test to see that the liquid is not 
separated or that there is no red discol- 
oration above the toluene. Any red dis- 
coloration in the expansion bulb at the 
top shall be removed by immersing the 
bottom of the thermometer in a propane 
bath while applying a cloth wet with hot 
water to the expansion bulb. If the ther- 
mometer accuracy is in doubt, it shall be 
checked at 0°F. against the C.N.G.A. 
HIGH L.P.G. test thermometer. Similar 
precautions should be used in checking 
the Mercalloy filled LOW L.P.G. test 
thermometer. 

Thermometer inaccuracies can be kept 
at a minmum by handling and storing the 
thermometer in a vertical position in ap 
propriate cooling baths. 

Clean weathering tube. The weather 
ing tube shall be thoroughly cleaned and 
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1 TOC unit is as easy 
0 put and keep on stream 
Sd Coping unit! 


Houdry Catalytic Processes and the 
TCC Process are available through 
the following authorized firms. 


E. B. BADGER & SONS CO. 
Boston, Massachusetts 


THE LUMMUS COMPANY 
New York City, New York 


BECHTEL-McCONE CORP. 
Los Angeles, Calif. 
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Early last year, a Houdry licensee put into opera- 
tion the first solid-bed TCC unit ever built. From 
the day it went on stream, this unit produced 
continuously for 98 days—and then was taken 
off only for piping changes to tie it in with other 
newly completed TC C cracking and treating units. 


Another refinery, employing both TCC and Houdry 
fixed-bed processes, operated: throughout the 
year 1944 with a stream-time factor of 93.5%. 


Such typical war-time records forecast a profit- 
able future for Houdry licensees under the com- 
petitive conditions of peace-time operation. 


HOUDRY PROCESS CORPORATION 
WILMINGTON, DELAWARE 


HOUDRY | 


ay | TALYTIC 


id 


PROCESSEG | 























237 























dried. It is essential that the tube be free 
from any heavy hydrocarbons. 

Prepare water bath (B-W test only). 
Fill the water bath to a depth of at least 
1 in. and adjust the temperature to ap- 
proximately 65°F. 

Prepare cooling baths. Prepare low 
temperature cooling baths (A) and/or 
(B). 

Precool thermometers. Precool the 
HIGH test thermometer in the ice bath, 
and the LOW test thermometer in Bath 
(B) for at least 30 min. before test use. 

Draw solvent. Invert solvent cylinder, 
attach cooling coil to cylinder valve, and 
with coil immersed in appropriate low 
temperature cooling bath (A for P-W, 
B for B-W test), draw the required sol- 
vent into a one-quart, small-mouth pyrex 
thermos bottle. Solvent withdrawal shall 
be controlled by the valve on the coil out- 
let in order to keep full pressure on ‘the 
liquid in the cooling coil. Remove the 
coil from the cooling bath and add more 
refrigerant in preparation for the ab- 
sorption step. If several tests are to be 
run, draw two quarts of solvent and pro- 
vide an extra supply of refrigerant. 

Observe barometric pressure. Read 
and record the barometric pressure. 


@ Sampling. 
Assemble apparatus. Select a sam- 
pling point that will provide a repre- 


sentative sample of the residue gas to be 
tested. employing a center-line connec- 
tion if possible. If a center-line connec- 
tion is not available an adequate scrub- 
ber shall be attached downstream from 
the rate control valve. Connect the test 
equipment as shown in Fig. 3. 

Purge meter. With the equipment as- 
sembled as described above, up to but 
not including the absorption weathering 
tube, start a flow of gas through the 
meter for purging. While purging, check 
all connections on the outlet side of the 
meter for leaks, using a soap solution. 

Add solvent. Insert the absorption- 
weathering tube in the low temperature 
cooling bath to a depth about 2 in. from 
the top of the absorption tube. Carefully 
add solvent. High methane content ab- 
sorber residue gases will evaporate sol- 
vent. Therefore, 100 to 125 ml. may be 
added initially and enough more at inter- 
vals during the test to maintain the 
liquid level just above the top plate. Use 
excess solvent at start, but stop additions 
in time to end the test with the quiet 
level showing about 90 ml. with the 
plates in place. Low methane content 
vapor absorber residue gases may con- 
dense to a considerable extent and in- 
crease the volume of absorbent. In test- 
ing these gases, 50 to 75 ml. of solvent 
shall be added initially and no more 


added during the test. In all cases, it js 
necessary that the volume at the end of 
the absorption step (gas shut off and 
plates removed) be not greater than 
94 ml. 

Start gas. With the gas turned off, con. 
nect the absorption-weathering tube to 
the discharge of the drying tube, record 
the meter reading and start the flow ‘of 
gas. The rate for absorption plant res. 
idue gases shall normally be about 10 


cu. ft. per hr. For more condensable ya. . 


por absorber gases, the rate must be de. 
creased to prevent the refrigerant in the 
low temperature bath from boiling over, 
Keep the refrigerant level in the thermos 
bottle as high as possible, and in the P. 
W test make sure that there is an excess 
amount of solid CO,-snow present at all 
times. 

Volume of sample. To obtain the best 
results, it is desirable to absorb at least 
1 ml. of pentanes(+-) (B-W test), or iso. 
butane(+-) (P-W test). The volumes of 
gas corresponding to absorption of 1 ml. 
are as follows: 


Estimated pentanes 
(+) or butanés (+) 
content, gal./1000 


Gas volume corre- 
sponding to 1 ml. of 
pentanes (+) or 


cu. ft. butanes (-+) eu. ft. 
O1 26 
02 13 
03 8.8 
O4 6.6 
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This chart is to be used in conjunction with Fig. 6 to con- 
vert the test result based on n-pentane for variations in 
pentanes (-|-) quality. 


Ref. Grav. Avg. B.P. Conversion 
No. °API “-. ¥.2. Factor 
1 75.5 82.4 20.3 1.34 
2 92.5 97.2 15.5 1.00 
3 79.2 146. 12.4 78 
1 71.8 175. 8.8 .62 
5 58.7 218. 5.7 53 
6 82. 156. 4.9 52 
7 73 209. 1.65 51 
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4NEW FLEXIBLE 


ARBATE 





TRADE-MARK 


EQUIPMENT CONNECTIONS 





Strength, flexibility, and ease of instal- 
lation distinguish four new improved 
“Karbate” chemically resistant equip- 
ment connections now available. Their 
designs are the result of years of expe- 
rience by National Carbon Company, 
Inc., in furnishing ‘“‘Karbate’”’ imper- 
vious carbon or graphite equipment to 
the chemical, process and other indus- 


tries. 


Like the many “Karbate” specialty 
products used for storage, conveying, 
handling and processing of corrosive 
liquids and gases, these connections are 
not only strong but have high resist- 
ance to mechanical and thermal shock 
and to the action of most acids—notably 
hydrofluoric — alkalies, and other cor- 


rosive chemicals. 


For additional information about the 
new “Karbate” equipment connec- 
tions, write to our nearest Division 
Office for Catalog Section M-8805. 


The word ‘‘Karbate”’ is a registered trade-mark of 
National Carbon Company, Inc. 
KEEP YOUR EYE ON THE INFANTRY 
... THE DOUGHBOY DOES IT! 


NATIONAL CARBON COMPANY, INC. 
Unit of Union Carbide and Carbon Corporation 
UCL 


General Offices: 
30 East 42nd Street, New York 17, N. Y. 


Division Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 
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TYPE FC FLEXIBLE COUPLING 


Easily installed or dismantled on the job. Simplifies final pipe length adjust- 
ment between pieces of equipment. Permits movement in any direction to pro- 
tect “Karbate” piping from effects of vibration, misalignment and differential 
expansion. Used with “Karbate” pre-assembled standard nipples and fittings, 
pipe may be cut to length and rapidly installed in the field. 





TYPE V FLANGED CONNECTION 


Thick, small diameter collars provide sturdy construction which can be used 
with companion flanges of almost any design or material. The separate cast iron 
split flanges permit easy pipe alignment and installation. 





SLOTTED COUPLER 


TYPE V NOZZLE TYPE 


Recommended for connections on “Karbate” tanks, towers, heat exchangers and 
similar equipment. General-y installed at our factory and not particularly suit- 
able for field installation. The Slotted Coupler is of more compact construction 
than the Type V Nozzle, but the choice of connection depends upon require- 
ments of each job. 
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Gas volume corre- 
sponding to 1 ml. of 
pentanes (+) or 


Estimated pentanes 
(+) or butanes (+) 
content, gal./1000 


cu. ft. butanes (+) cu. ft. 
.05 5.3 
10 2.6 
.20 1.3 
50 ae 
2.00 13 


Record gas volume. When a sufficient 
volume of sample has been tested, close 
the rate valve, disconnect the absorption- 
weathering tube, and record: (1) Test 
meter factor, (2) average test meter tem- 
perature (°F), (3) average test meter 
pressure (in. Hg), and (4) final meter 
reading (cu. ft.). 

Adjust volume to 94 ml. With the ab- 
sorption-weathering tube still in the cool- 
ing bath, close the inlet with a rubber 
tube and pinch clamp. Remove the 
screen plates and add solvent to bring 
the level to the 94 ml. mark. If the vol- 
ume is more than 94 ml. (tolerance of 
5 ml.), proceed as follows: (a) If the 
volume of absorbent decreases upon ad- 
dition of gas, more gas may be passed 
through the absorption tube until the 
volume of liquid is reduced to 94 ml. 
(b) If the volume of absorbent increases 
upon addition of gas, the absorption step 
must be repeated using a reduced vol- 
ume of solvent. 


@ P-W weathering procedure. 


Add charcoal. Just two grains of ap- 
proximately 8 mesh new activated char- 
coal shall be placed in the absorption- 
weathering tube. 

Support weathering tube. The absorp- 
tion-weathering tube shall be removed 
from the cooling bath and supported by 
the neck, in a vertical position, in air. 

Weathering. The sample shall be al- 
lowed to weather without acceleration by 
removal of frost (except as may be nec- 
essary to read the temperature and vol- 
ume), or by the application of heat in 
any form. This weathering shall be con- 
ducted in the shade, and the tube shel- 
tered from the wind. 

Insert thermometer. When the resid- 
ual volume is at the 85 ml. mark, sus- 
pend the precooled C.N.G.A. LOW L.P. 
G. test thermometer in the weathering 
tube with the bulb as near the bottom as 
possible, but touching neither the char- 
coal nor the walls of the tube. 

Refer to Fig..4 for end point tempera- 
ture. The end point temperature (°F.) 
is fixed by the barometric pressure, or, if 
a barometer is unavailable, from eleva- 
tion, by use of Fig. 4. ; 

Read residue at end point. Allow the 
boiling to continue without the applica- 
tion of heat until the end point tempera- 
tures (—37°F. @ 760 mm.) is reached. 
At the end point temperature quickly 
’ chill the liquid residue just enough to 
stop boiling, by momentarily touching 
the bottom tip of the tube in the cooling 
bath; remove the thermometer and read 
the residue volume. 


Correct metered volume. 
Corrected cu. ft. = 


520 \(B+P 
“ ‘ei £-1)( 30 JF 
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FIG. A 


Comparison with fractional analysis. 


All figures are gal. per M. eu. ft. 





Sample 2 








Sheets suthien Sample 1 | Sample 3 Sample 4 Sample 5 
gas Fract.* PW-BW| Fract.* PW-BW| Fract.* PW-BW| Fract.* PW-BW| Fract.* PW-BW 
See 0.067 0.061 | 0.116 0.085 | 0.028 0.024 | 0.060 0.062 | 0.055 0.050 
n-Butane............ 0.031 0.028 | 0.055 0.096 | 0.004 0.006 | 0.050 0.058 | 0.019 0.02% 
Pentanes plus........ 0.006 0.006 | 0.007 0.007 | 0.009 0.008 | 0.015 0.011 | 0.016 0.016 
Isobutane plus....... 0.104 0.095 | 0.178 0.188 | 0.041 0.038 | 0.125 0.131 | 0.090 0.092 
*6.5 cu. ft. anal. | *3.8 cu. ft. anal. | *10.0 cu. ft. ana.l| *10.0 cu. ft. anal.| *4.0 cu. ft. anal, 
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Where: 
M = Uncorrected metered volume, 
cu. ft. 


T = Meter temperature, °F. 

B = Barometric pressure, in. Hg 

P = Meter pressure, in. Hg 

F = Meter correction factor. 
@ Interpretation of P-W test results. 

Apply Fig. 5. Ml. isobutane(+-) shall 
be derived from the residual volume at 
the end point temperature by use of Fig. 
5. (See note following next paragraph.) 

Calculate isobutane(-+-) gal. per 1000 
cu. ft. From the corrected gas volume 
and the milliliters isobutane (-+-) the en- 
richment of the residue gas (gal. isobu- 
tane (+) per 1000 cu. ft. of gas) is 
computed from the equation: 

Isobutane (++) gal./M.c.f. = 


* 
0.264(1 4 Correos cu. =) 


ML. isobutane (+-) 


Corrected cu. ft. 








Note. In applying Fig. 5 it is necessary. 
_to estimate the per cent C,(-++) in the 


isobutane(+-) fraction. The C,(-+-) 
value may be determined by a B-W test 
on the residue gas, or, if the isopentane 
(+) absorption factor exceeds 2.0, a 
C,(+-) value may be calculated from 
lean oil vapor pressure determinations. 
First, calculate an approximate P-W gal. 





*Correction for isobutane(-+) material lost in 
gases leaving absorption-weathering tube. 


per 1000 cu. ft. value from Fig. 5, assum- 
ing 25 per cent of the isobutane(+) is 
C,(+-). Then revise the C, (++) per cent 
as follows: 


Revised per cent C,(+-) = 
r C,(+) (gal./M.c.f.) r 
Approx. P-W test (gal./M.c.f.) 


Apply Fig. 5, using the revised C, 
(+) per cent, and calculate the final 
P-W test result. 


@ B-W weathering test procedure. 

Add charcoal. Just two grains of ap- 
proximately 8 mesh new activated char- 
coal shall be placed in the absorption- 
weathering tube. 

Support weathering tube. The absorp- 
tion-weathering tube shall be removed 
from the cooling bath and supported by 
the neck, in a vertical position, in air. 

Weathering. The sample shall be al- 
lowed to weather without acceleration by 
removal of frost (except as may be nec- 
essary to read the temperature and vol: 
ume), or by the application of heat in 
any form. This weathering shall be con- 
ducted in the shade, and the tube shel- 
tered from the wind. 

Use water bath. When the liquid in the 
absorption-weathering tube has wea’ 
ered down to approximately the 85 ml. 





(100) 


mark, the tube shall be lowered into the | 


60-70°F. water bath so that the tip is im- 
mersed in the water to the 1.5 ml.-gradu- 
ation. 
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Insert thermometer. When the resid- 
yal volume is at the 25 ml. mark, suspend 
the precooled C.N.G.A. HIGH L.P.G. 
test thermometer in the weathering tube 
with the bottom of the bulb just above 
the 1.5 ml. graduation. 

Weather in air. When the residual vol- 
ume is at the 15 ml. mark, raise the ab- 
sorption-weathering tube from the bath 
and allow the weathering to continue in 
air without the application of outside 
heat. 

Observe 10 ml. temperature. As the 
residual volume approaches the 10 ml. 
mark, watch the thermometer continu- 
ously and determine the temperature at 
the 10 ml. point with the thermometer in 
place. 

Lower thermometer. After taking the 
10 ml. reading, lower the thermometer in 
the tube until the bulb is as near the bot- 
tom as possible, but is touching neither 
the charcoal nor the walls of the tube. 

Refer to Fig. 4 for end point tempera- 
ture. The end point temperature (°F.) 
is fixed by the barometric pressure, or, if 
a barometer is unavailable, from eleva- 
tion, by use of Fig. 4. 

Read residue at end point. Allow the 
boiling to continue without the applica- 
tion of heat until the end point tempera- 
ture is reached, quickly chill the liquid 
residue just enough to stop boiling by 
momentarily touching the bottom tip of 
the tube in the cooling bath, remove the 
thermometer, read the residue volume. 

Correct metered volume. 

Corrected cu. ft. = 


520 | B+! 
M(Gerr) ( 30 ) : 


Where: 
M = Uncorrected metered volume, 
cu. ft. 


T = Meter temperature, °F. 
B = Barometric pressure, in. Hg 
P = Meter pressure, in. Hg 

= Meter correction factor. 


@ Interpretation of B-W test results. 

Correct 10 ml. residue temperature. 
The 10 ml. residue temperature shall be 
corrected for barometric pressure by use 
of Fig. 4. 

Apply Fig. 6. The milliliter pentanes 
(+), expressed as n-pentane, shall be 
estimated from the corrected 10 ml. res- 
idue temperature and the residual vol- 
ume at the end point by use of Fig. 6. 

Calculate pentanes(+-) gal./M.c.f. 
Assuming the pentanes (-+-) in the residue 
gas are equivalent to n-pentane, the C. 
(+) enrichment of the gas (gal./M.c.f.) 
is computed from the corrected gas vol- 
ume and ml. pentanes(-++) residue by 
use of the following equation: 


Pentanes(+-) gal./M.c.f. = 0.264 


ee a see E 


Corrected cu. ft. 


100 


Conversion factors for different pen- 
tanes(-++-) materials. If the pentanes (-+-) 
in the residue gas is not equivalent to 
normal pentane, the gal. per 1000 cu. ft. 
value obtained above (preceding para- 


——ee 
*Correction for Cs(+-) material lost in gases 
leaving the absorption tube. 


graph) shall be multiplied by a conver- @ Individual isobutane and n-butane 
sion factor varying with properties of the values. The individual butane values may 
C,(+-) fraction. Conversion factors ap- be estimated on the basis of the iso ver- 
plicable to different vapor pressure C, sus normal ratio in the intake gas and 
(-++-) materials are shown in Fig. 7. Fac- relative extraction percentages. The lat- 
tors applicable to typical absorber res- ter may be computed from absorption 
idue gases are as follows: factor theoretical plate relations. As- 
Absorber residue C,(+-) loss Factors suming an 8 theoretical plate absorber, 

due to imperfect stripping About 0.5 the residue gas isobutane-normal butane 


Absorber residue C,(+-) loss 


split for different intake ratios and ab- 
due to incomplete absorp- 


sorption factors will be as follows: 


ee 
Isobutane Isobutane/total butanes— Intake Gas 
@ Total butanes. The total butanes absorption 25 +30 .35 40 
content of the absorber residue gas is factor Isobutane/total butanes—Residue Gas 
obtained by subtracting the B-W test 0.6 38 44 ~=.50 55 
from the P-W test: 1.0 .60 65  .70 75 
Total butanes (gal./M.c.f. = 1.4 70 75 .79 82 


P-W (gal./M.c.f. — B-W (gal./M.c.f.) kkk 











BRADEW 
SECTIONAL 


STEEL 
BUILDINGS 





PROTECTION 


that saves you money! 


Braden Sectional Steel Buildings are lightning proof 
and provide fire protection from without and from 
within, because they are built from prefabricated steel 
shapes covered with standardized steel sheets. This 
makes for low insurance rates—saves you money. 


Braden Sectional Steel Buildings have all ventilators 
screened with galvanized hardware cloth to keep out 
birds—and when closed and locked, these buildings are 
not easily broken into—another, protection for your 
machinery and products. 


Braden Engineers Plan 
for Your Protection 


BRADEN Steel BUILDINGS 


BRADEN STEEL CORPORATION 


‘1007 East Admiral Blvd. Tulsa 3, Oklahoma 
‘ Subsidiary of MOORLANE COMPANY 
Branch Offices: Houston and Dallas, Texas, and Cleveland, Miss. 
Representatives: Kansas City, Mo., Amarillo, Tex., Wichita, Kan., Odessa, Tex., 
Oklahoma City, Okla. 
Export Agent: Russell D. Heath, Room 605, 125 Barclay St., New York 7, N. Y. 


~ 
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_ Due to rugged construction and everyday tools are needed for 
simple design, EMCO Orifice Meters routine maintenance. EMCO-McGAUGHY Integrator 
ee ” @- 
stay ‘on stream” for long periods of The combination of EMCO Ori- Provides a precision method for cal 


time accurately recording differen- _ ce Meters in the field or plant and culating orifice meter charts of variow 
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Automatic Distillation Apparatus for 


Gasoline Analysis* 


By LESTER STEFFENS and D. P. HEATH, Socony-Vacuum Oil Company, Inc. 


Tur high level of the quality require- 
ments specified for aviation gasoline 
makes it necessary to determine the com- 
position of gasoline stocks in terms of 
individual hydrocarbons, in order to be 
able to produce the maximum amount 
of the desired components, and to elimi- 
nate or minimize production of materials 
of low quality. The first step in the an- 
alytical procedure is separation of the 
sample by distillation into fractions con- 
sisting of substantially pure hydrocar- 
bons where possible, or, as a compro- 
mise, 2 mixture of a very few compo- 
nents. 

Analytical distillation of gasoline re- 
quires a fractionating column with a 
large number of theoretical plates, and 
at the same time, small holdup per the- 
oretical plate. In addition, as Rose ? *- * 
and his associates have shown, analytical 
distillations frequently require operation 
at reflux ratios of over 100 to 1, and use 
of a charge that is large compared to 
the holdup of the column in order to be 
able to isolate components present in 
small amounts. Under these conditions 
the distillation of a single sample may re- 
quire several weeks of continuous opera- 
tion. For this reason an automatic distil- 
late-collecting device was constructed 
that makes possible the operation of a 
laboratory distillation unit with only oc- 
casional attention from the operator. 
This uses some of the principles of the 
unit described by Bruun and Falconer’ 
but is more nearly fully automatic. It 


*Presented before the Division of Petroleum 
Chemistry at the 106th Meeting of the American 
Chemical Society, Pittsburgh, Pennsylvania. 
Published in Industrial and Engineering Chem- 
istry, August, 1944. 


was developed to be used with Podbiel- 
niak Super-Cal Model B distillation unit 
with a column containing 90 cm. (3 ft.) 
of 22-mm. Heligrid packing, but it could, 
of course, be used with any type of lab- 
oratory distillation units. 

@ Description. A sketch of the distil- 
late-collecting device is given in Fig. 1, 
and a photograph of the entire unit in 
Fig. 2. The photograph was taken during 
the development of the apparatus and 
does not show several minor improve- 
ments. 

As shown in Fig. 1, the distillate from 
the total condensing reflux head passes 
through a cooler into a float chamber. 
When the desired amount of fraction has 
been collected in this chamber, the float 
strikes a contact, the solenoid-operated 
valve on the bottom of the float chamber 
opens, and the fraction drains into one 
of 18 bottles held in a turntable. The 
valve then closes and the turntable 
moves,. bringing an empty bottle under 
the float chamber. 

The float chamber is made of Pyrex 
and has a jacket through whieh cold 
water or other cooling medium can be 
circulated. The float is also glass and is 
sealed to a brass guide rod. 

The solenoid-operated needle valve on 
the float chamber was made from an au- 
tomotive carburetor needle valve (Fig. 
3), the seat of which was reground and 
the needle spring loaded to ensure a 
tight seal. 

The fractions are collected in 120-ml. 


FIG. 2. Automatic 
distillation 
apparatus. 
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FIG. 1. Sketch of distillate-collec 
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ting device. 


(4-0z.) oil sample bottles held in cages 
fastened to a turntable. Springs in the 
bottom of the cages press the bottles 
firmly against a cover plate. An effective 
seal between the bottle tops and the cov- 
er plate is obtained by using petrolatum 
as a lubricant on the cover plate. 

The cover plate is stationary and has 
a hole in it under the float chamber 
through which the bottles are filled. 
When the three bolts holding the plate 
are removed, it can be slid back and the 
bottles removed from the turntable. 

Next to each of the 18 bottles and 
close to the edge of the turntable is a pin 
1.25 cm. (0.5 in.) high and 0.6 cm. (0.25 
in.) in diameter. One pin is always rest- 
ing against the stop attached to the turn- 
table solenoid (Fig. 4). When this sole- 
noid is energized the stop is raised and 
one pin allowed to pass under it. 

The motive power for the turntable is 
supplied by a weight connected to the 
turntable by a cable through a system of 
pulleys. The pins extend through the 
turntable and serve as cable guides on 
the underside. 

An ice bath surrounds the bottles in 
the turntable. Ice is placed in a screen- 
ed-off portion in the centér of the bath, 
so that an ice jam cannot prevent the 
table from turning. The cover plate and 
turntable have holes through which the 
ice bath can be filled. 

The only temperature recorder avail- 
able was a potentiometer-type instrument 
covering the range of 0° to 400°F. with 
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an iron constantan thermocouple. In or- 
der to improve the accuracy of the tem- 
perature measurement, a two-junction 
thermopile was used, thus doubling the 
sensitivity of the instrument for a given 
temperature. The internal cold-junction 
compensator was balanced out by the 
use of a manganin resistor. For the low 
range of the instrument the external 


cold junction was placed in an ice bath, 
and for the high range in a steam bath. 
In this manner temperature measure- 
ments precise to = 0.6°F. were obtained. 
The measurements must, of course, be 
corrected to a standard barometric pres- 
sure. 


@ Electrical circuit. The electrical cir- 
cuit as shown in Fig. 5 has three different 
functions: (1) to control the collection 
of fractions, (2) to supply power to the 
recorder and cause the time at which 
a fraction is taken to be recorded, and 
(3) to stop the distillation when neces- 
sary. 

When the float rises far enough to 
strike the adjustable float contact, a sen- 
sitive 6-volt direct current relay is ener- 
gized. The closing of this relay causes a 
latch-in relay to close, and starts a vac- 
uum tube timer. While the latch-in relay 
is closed, power is supplied to the float 
chamber needle valve, holding it open. 
After about 1 min. the vacuum tube tim- 
er releases the latch-in relay. This allows 
the needle valve to close and energizes 
the turntable solenoid just long enough 
to allow an empty bottle to move into 
position. A push-button is provided, so 
that this cycle can be started manually. 

During the period that the latch-in 
relay is closed, a small 110-volt alternat- 
ing current relay is also closed. The ther- 
mocouple leads are connected across this 
relay, so that when it is closed the ther- 
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mocouple is shortened. This causes a 
break in the temperature record ‘that 
shows when a fraction was bottled. 

A circuit is provided to shut down the 
unit (1) when all 18 receiving bottles 
have béen filled, (2) when the vapor tem. 
perature reaches some predetermined 
point, or (3) when the temperature goes 
off either end of the recorder scale. 

As an alternative the unit can be made 
to go on total reflux. 

There are two alternating current cir- 
cuits, one supplying the heater load and 
the other supplying the control load. The 





FIG. 5. Wiring diacram of distillate-collectine device. 
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heart of the shutdown circuit is a sensi- 
tive direct current relay having one side 
of the alternating current control line 
across its contacts. This relay is ener- 
gized from the battery booster when the 
reset switch is closed. There are four 
contacts, any of which when closed will 
short out this relay and thus break the 
alternating current control circuit. One 
contact is attached to the turntable, so 
that contact is made after the last bot- 
tle is filled. A contact is attached to each 
end of the recorder scale to prevent the 
temperature from going off the scale. The 
fourth contact is also in the recorder and 
can be set to make contact at any desired 
temperature, thus stopping the opera- 
tion. 

Since the contacts on the sensitive di- 
rect current relay are not large enough 
to carry the entire alternating current 
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FIG. 6. Section of recorder chart. 


load, another relay is used to break the 
alternating current heater circuit. This 
relay is energized by the alternating cur- 
rent power from the control circuit. 
Thus, both safety relays are opened when 
any of the four safety contacts are 
closed. A switch is provided, so that the 
heater circuit may be kept on even if 
the alternating current control circuit is 
off. By the use of this switch the unit 
can be made either to go on total reflux 
or to shut down entirely when one of the 
four safety contacts is closed. 

For safety, 6-volt direct current power 
is used on all contacts. This prevents 
sparking when these contacts are closed 
and minimizes the danger of fire. 

The alternating current control circuit 
includes the timer used to control the re- 
flux ratio, which in this unit is an elec- 
tronic timer having independently ad- 
justable open and closed periods. 


@ Operation. The distillation is run 
much the same as any other efficient lab- 
oratory distillation. A debutanized sam- 
ple is put in the distilling flask and the 
column brought to equilibrium at total 
reflux. The control circuit is turned on 
at the start of heating; however, the dis- 
tillate valve solenoid is disconnected. 
The ice bath is filled and the float con- 
tact adjusted for the size of fraction de- 
sired. When equilibrium is reached, the 
collection of distillate is started by plug- 
ging in the distillate valve solenoid. This 
starting time is recorded by holding the 
thermocouple shorting relay closed for a 
few seconds. 
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Any pentane in the sample is distilled 
over while the operator is present, so that 
he may remove the fractions from the ice 
bath immediately. The pentane can be 
taken over rapidly, usually in 5 to 6 hr. 

After the pentane has been distilled 
over, the heat input is adjusted to the 
desired boilup rate and the timer set for 
the desired reflux ratio. From this point 
until the end of the distillation the op. 
erator gives little attention to the unit. 
Every morning and evening he removes 
fractions from the turntable, winds up 
the weight, and checks the heat input 
to the column and the flask. Since less 
than 10 per cent of the charge is normal. 
ly taken overhead per day the heat in. } 
puts need only occasional adjustment. A 
variation of 5 per cent in a reflux ratio of 
100 to 1 has no appreciable effect on the 
efficiency of separation obtained. If, how. 
ever, the unit were operated more rapid. 
ly or wide boiling range samples distill. 
ed, automatic control of the boilup rate 
would be necessary. % 


When the temperature approaches the™ 
end of the lower range of the recorder,” 
the operator shifts the cold junction from 
the ice bath to the steam bath. Since there 
is a 25°F. overlap between the upper and 
lower scales, this change can usually be 
made some time during the day. If the 
operator is not present, the unit shuts ~ 
down when the end of the temperature 
scale is reached. 

The size of fraction taken in this ap- ~ 
paratus can be varied from 0.6 to 3 per ~ 
cent of the charge. Thus, small enough 
fractions can be taken to avoid overlap. 
ping of components and it is not neces | 
sary to be able to take cuts at given tem 
peratures. If a number of cuts are ob” 
tained on a plateau, they can be blended _ 
to simplify the subsequent inspection” 
work. ; 

At the end of a run the recorder chart 
is removed and the distillation c 
plotted. A section of a recorder chart 
showing the interruption in the distilla- 
tion curve obtained when a fraction is) 
bottled is shown in Fig. 6. Since the” 
chart speed of the recorder is fixed at 5 
cm..(2 in.) per hr., the rate at which 
each fraction was distilled can be 
culated from the size of cut and the 
length of chart covered by one fraction 


The fraction-collecting device describ” 
ed has been in use for over a year, dur 
ing which it has been found extremely re 
liable. The presence of an operator & 
required for an 8-hr. period at the start 
of a run, but thereafter for only an houf! 
each morning and evening. Duplicate™ 
distillations check within the accuracy 
of the temperature recorder. 
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this paper. 
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Carbon Formation in Catalytie}Cracking* 


By ALEXIS VOORHIES, JR., Standard Oil Company of New Jersey 


WV un petroleum hydrocarbons under- 
go deep-seated reactions in the presence 
of solid catalysts, carbonaceous deposits 
usually accumulate on the catalyst and 
decrease its activity, so that periodic re- 
generation is necessary. A conspicuous 
exception is the case of high-pressure 
catalytic hydrogenation where the cat- 
alyst retains its activity for periods up 
to a year and longer without any regen- 
eration?. Examples of regenerative proc- 


*Presented before Petroleum Division of Amer- 
ican Chemical Society, New York, September 
14, 1944. Published in Industrial and Enginegr- 
ng Chemistry, April, 1945. 


esses are (a) catalytic cracking of gas 
oils and (6) catalytic reforming of naph- 
thas. This paper presents a discussion 
of certain aspects of the formation of 
carbonaceous deposits in catalytic crack- 
ing. 

The carbonaceous deposit that is an 
inevitable by-product of catalytic crack- 
ing is called “coke,” and is generally de- 
termined as the weight per cent of car- 
bon on feed or on catalyst. Some of the 
factors influencing carbon formation in 
catalytic cracking have been discuss- 
ed': *, This catalytic coke is apparently 
a hydrocarbon of relatively low hydro- 


Catalytic regenerator at the top of one of the fluid 
catalytic cracking units at the Baton Rouge refinery. 





gen content, which may vary in accord. 
ance with feed stock or operating condi. 
tions. A formula of (C,H, ),, has been re. 
ported *. The carbonaceous deposit also 
contains sulphur derived from the feed 
stock. However, the present discussion 
is concerned not with the hydrogen or 
sulphur content of catalytic coke but 
solely with the measured amount of car. 
bon in the deposit. 

Although the extent of carbon forma- 
tion in catalytic cracking depends on the 
type of catalyst, the feed stock, and the 
operating conditions, it has been found 
that there is an intrinsic uniformity in 
the way the carbon deposit on the cat- 
alyst increases with time. Certain gen- 
eralized correlations of striking simplic- 
ity and considerable utility have resulted 
from a study of such data. As this paper 
will show, the usefulness of the relations 
developed extends beyond the field of 
carbon yields to include an equation de- 
fining the interdependence among feed 
stock conversion, feed rate, and length 
of period between catalyst regenerations. 
The generalizations and derived rela- 
tions apply equally to fluid and fixed. 
bed cracking. The results reported here 
were obtained in equipment ranging 
from laboratory size to semiplant scale. 
The correlations derived have been ap- 


_plied to the commercial-scale units. 


@ General considerations. The ordi- 
nary feed stock in catalytic cracking is 
a petroleum gas oil, the most volatile 
fractions of which have a higher boiling 
point than the back end of the gasoline 
produced. Thus, for aviation gasoline 
production, the initial boiling point of 
the feed stock will generally be above 
300°F.; for motor gasoline, above 400°F. 
Although commercial catalytic cracking 
units today are employed for aviation 
rather than motor gasoline production, 
it is still convenient to refer to the feed 
stock conversion on the basis of produc- 
tion of motor gasoline. For simplicity, 
the products of catalytic cracking are 
often designated as follows: 


Per cent of 
Feed stock feed by: 
Gas (C, and lighter) Weight 
EM 
Aviation gasoline_.._________--- Volume 
Heavy naphtha —---_--_---.. Volume 
Cycle gas oil (400°F. 
initial b.p.) —......___.- Volume 
Carbon (or coke). Weight 


In this system the feed stock conversion 
is arbitrarily taken as 100 minus volume 
per cent cycle gas oil (400°F. i.b.p.). It 
is realized that this expression is not an 
exact measure of feed stock destruction. 
It furnishes a convenient means, how: 
ever, for correlating the yields of the va- 


THE PETROLEUM ENGINEER, Reference Annual, 1945 








THE PI 








ee ff & & = OO wD 








ere a new science attacks an old ‘problem 





fy 


Cylinders in engines usually get a pretty 
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punishment than any other part of the 
engine. They... and the rings... bear the 
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Here, in the Van der Horst Research 
and Engine Testing Laboratories, we are 
continuously attacking this old problem of 
wear. The new science of Porus-KRomE 
processing is attuned to the needs of the 
various types of engines. Tests are run in 
several types of engines to determine the 
degree and type of porosity which will 
give the maximum wear resistance. Every 
development or change in Porus-KRoME 
processing is forthwith scrutinized by the 
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Let’s work out together a square deal for 
your cylinders. Our engineers will gladly 
develop with your engineers the specifica- 
tions which will multiply cylinder life 4 to 
20 times .. . ring life 3 to 5 times. The entire 
facilities of these laboratories are committed 
to solving the problem of cylinder wear for 
engine manufacturers. 

Even though building of engines for gen- 
eral use is still restricted, it is none too soon 
to plan for the use of Porus-KromeE in 
postwar engines. A request from you will 
bring complete information about Porus- 
Krome. Van der Horst Corporation of 
America, Olean, New York, Cleveland 11, O. 
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FIG. 1. Carbon formation vs. cracking 
time in fixed-bed catalytic cracking. 
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FIG. 2. Carbon formation vs. cracking 
temperature for 2-hour cracking periods. 
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rious products. This definition of feed 
stock conversion is employed in this 
paper. 

In catalytic cracking, either fluid or 
fixed-bed, the extent of conversion is de- 
termined by such factors as catalyst, 
feed stock, temperature, pressure, feed 
rate, and length of time between catalyst 
regenerations (here called “catalyst resi- 
dence time”). In fixed-bed cracking the 
conversion measured is the summation of 
the instantaneous conversions through- 
out the process period, the instantaneous 
conversions decreasing with time -on 
stream as the catalyst becomes fouled 
with coke. Fluid catalytic cracking dif- 
fers from the fixed-bed as follows: 

1. Catalyst is currently regenerated 
in a separate vessel, so that feed stock 
and freshly regenerated catalyst are con- 
tinuously brought together in the re- 
actor. 

2. Asa result of the above, a uniform 
conversion is maintained, rather than a 
continuously decreasing conversion as in 
the process cycle of fixed-bed cracking. 

3. The catalyst residence time in fluid 
cracking is generally much shorter than 
the length of time between regenerations 
in fixed-bed work. 

In either fluid or fixed-bed cracking, 
conversion increases with increasing 
temperature, decreasing feed rate, and 
decreasing catalyst residence time. The 
effect of increasing pressure, at least up 
to about 50 lb. per sq. in. gage, is to in-. 
crease conversion. Pressure was not a 
variable in the data presented here, how- 
ever, because substantially atmospheric 
pressure was employed. 

In fluid cracking the feed rate is gen- 
erally expressed as weight of feed per 
hour per weight of catalyst held in the 
reactor or wt. per hr. per wt. Another 
term employed in fluid cracking is the 
catalyst-to-oil ratio, which is the ratio of 
the weight rates of flow of catalyst and 
oil. The catalyst residence time in the re- 
actor is related to the wt. per hr. per wt. 
and catalyst per oil ratio as follows. 


(w/hr./w) (catalyst residence time,min.) 
60 
1 








~~ catalyst/oil ratio 
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W:é 1 version, determines the quality and yields 
co i | of the various products. Thus the yields 

or of gas and carbon invariably increase 
W = 60/Z:6 with increasing conversion, At a given 


conversion level, the quality and yields 
of the various products depend on the 
temperature, but are virtually independ- 
ent of relative feed rate and catalyst resi- 
dence time. Thus whether a given con- 
version is obtained by a high feed rate 
and a short residence time or vice versa, 
the yields of carbon and other products 
are substantially unaffected. The rela- 
tion between carbon on feed and conver. 
sion is especially important. This carbon 
yield refers to catalytic carbon produe- 
ed in the reaction and does not include 
the so-called strippable carbon, which 


In fixed-bed cracking the feed rate is 
usually defined as volumes of feed per 
volume of catalyst per hour, or vol. per 
vol, per hr. The relation between wt. per 
hr. per wt. and vol. per vol. per hr. is: 


w/hr/w = (v/v/hr.) « 
density of feed 
density of catalyst ) 
or 
W= U-D,/D. 
At a given temperature the depth of 
catalytic cracking, as measured by con- 








TABLE 1 
Fixed-bed catalytic cracking of East Texas gas oil for process 
periods of 2 hours 


















































Natural catalyst Synthetic catalyst 
Feed rate, Temp., Carbon wt., Feed rate, Temp., Carbon wt. 
v/v/hr. » 2 v/v/hr. 7. 
Per cent on | Per cent on Per cent on | Per cent on 
catalyst catalyst 
0.6 812 3.8 5.0 0.6 808 5.8 7.9 
0.8 811 2.9 §.1 0.8 798 4.1 7.4 
z.3 793 2.0 4.6 1.0 803 3.2 7.4 
1.2 804 2.0 5.0 1.2 801 2.7 7.4 
0.6 862 4.5 5.7 0.6 863 7.8 10.1 
0.8 848 3.1 5.4 0.8 857 5.7 9.9 
1.0 845 2.5 5.3 1.0 852 4.2 9.4 
1.2 840 2:1 5.4 Re 850 3.5 9.4 
0.6 911 5.5 6.6 0.6 917 9.3 12.0 
0.8 908 4.3 6.8 0.8 906 6.8 11.9 
1.0 904 3.3 6.7 1.1 911 5.3 11.8 P 
1.2 904 2.9 6.8 1.2 901 4.3 11.1 
0.6 962 6.9 8.1 0.6 964 11.2 14.0 
0.8 958 5.2 8.2 0.8 955 8.4 13.9 
1.0 958 4.1 8.2 1.0 957 6.6 14.1 
1.2 952 3.4 8.2 1.2 956 5.5 13.9 
TABLE 2 


Fixed-bed catalytic cracking of cetane and decalin with natural catalyst 
at 850°F. for process periods of 2 hours. 











Cetane Decalin 
— Wt tC W tC Wt tC wt tC 
v/v/hr. . per cen t. per cen . per cen . per cen 
on feed on catalyst on feed on catalyst 

0.6 4.8 4. 3.1 3.8 

0.8 3.9 5.3 2.4 4.0 

1.2 2.5 5.2 1.6 3.7 

2.4 Et 4.7 0.75 3.7 
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UBE-TURN 


TRADE MARK 


WELDING FITTINGS 
AND FLANGES 


TUBE-TURN WELDING FITTINGS—RANGE OF SIZES 


Double Light Gauge 
Type of Descripti Standard Extra Schedule : 
kee ption ‘ Extra Nominal Iron 
Fitting Weight Strong 160 Strong | Pipe Size | Pipe Size 


“Long Radin | Woe | wor [rae | re | e2e | var | 
aor short Radivs_| rar _[iwar | | | {| _ 

AS Long Radius | wrare | wea | rar | Pe | eae | eae | 
100° Short Radius” | _rar_[iwrar | | | | 
180"ExtraLong Rds] Tow | rae; |__| __4___ 
ee —T 


cae a at 
E Lap Joint 1”-24” 1”-24” 
dens Hae Ronn a leetmesieahatiel SUPER Tube-Turn 45° long radius elbows, 


I 
Shaped, 90°to Header | 1%”-12" | 1¥%”-12" 
pee ee eacnmeenee 90° long radius elbows, and 180° long radius 


Shaped, 45° to Header 1%4"-12” 
rue : 
Straight WaT and Extra Strong in sizes from 3” to 12”. 
Reducing-on-Run 1Va"-24" Tube-Turn welding fittings and flanges con- 
Straight ¥a"-28" a" 24" form to applicable ASA and ASTM Stand- 

Welding Wr ir” ards. For further details please refer to 
Welding aT Tube Turns catalog and data book No. 111. 


*30” size short radius. **Since saddles and sleeves are used for external reinforcement 
only, they do not conform to iron pipe size thicknesses. 


TUBE-TURN FORGED STEEL FLANGES—RANGE OF SIZES 


100 ? 

nae rae 
Lap Join PE 
Threaded nae Wrae 


Para] 


returns available in both Standard weight 


var-24" 


Reducing-threaded or slip-on 
Orifice—stin-on | | rae] | | |_| 
Orifice—welding neck a ee 3”-12” 
Long Welding Neck | ieee | veaw | rao | rao | rae | rar | 


+Dimensions on sizes thru 3Y2” same as for 600 Ib. flanges. 
*Dimensions on sizes thru 2Ya” same as for 1500 Ib. flanges. 
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represents adsorbed and _ interspersed 
hydrocarbon gas and liquid remaining 
with the spent catalyst after the crack- 
ing has been accomplished. It is common 
practice to purge off most of the strippa- 
ble carbon before the catalyst is regen- 
erated. For the cracking operations re- 
ported here, this increment of carbon 
yield was negligible compared to cat- 
alytic carbon. 

Although, as mentioned above, the 
yield of carbon on feed stock at a given 
temperature is a function of conversion, 
there is also a well-defined relation be- 
tween the weight per cent of carbon on 
catalyst and the catalyst residence time. 
Important deductions are derivable from 
the following relations: 


Weight per cent carbon based on feed 
function of feed conversion. 


Weight per cent carbon on catalyst = 
function of catalyst residence time. 

Data in fixed-bed and in fluid catalyti¢ 
cracking are treated separately. 


@ Carbon formation in fixed-bed 
cracking. A considerable amount of data 
shows that the weight per cent carbon 
formed on the catalyst is approximately 
a logarithmic function of the length of 
time elapsed since the catalyst was fresh- 
ly regenerated. For a given catalyst, feed 
stock, and temperature, the equation 
takes the form: 


C. = A-6" 

Two examples of this relationship are 
discussed. 

Example 1 is shown graphically in 
Fig. 1, which depicts the relation be- 
tween carbon on catalyst and residence 
time of catalyst for a West Texas gas 
oil and a natural (activated clay) crack- 
ing catalyst at 850°F. The experiments 
were conducted in a small fixed-bed unit. 
Each point on the plot represents a run, 
either on a fresh batch of catalyst or on 
one that had very few regenerations. In 
other words, the level of initial catalyst 
activity represented by the data was sub- 
stantially constant. After the process pe- 
riod had lasted for the time indicated in 
Fig. 1, the catalyst was purged to re- 
move strippable carbon. Then the cat- 
alyst was discharged from the unit, and 
the carbon on it was determined by com- 
bustion of a representative sample. The 
cracking period lengths included much 
shorter residence times than are normal- 
ly employed in fixed-bed cracking, be- 
cause the experiments were designed to 
furnish fundamental information. The 
correlating line on the graph is repre- 
sented by the equation: ¥ 

GC, er a as es 

A second example, also portrayed in 
Fig. 1, shows the relation between car- 
bon on catalyst and residence time for 
an East Texas gas oil and a synthetic 
(silica-alumina) catalyst at 850°F. The 
results were obtained in small fixed-bed 
units, on which a study was being made 
of the effect of feed rate (vol. per vol. 
per hr.) and length of process period 
(@). The synthetic catalyst was of such 
inherent stability that its activity was 
completely restored after each succes- 
sive regeneration. Hence the entire study 
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Semiplant scale fluid catalyst cracking unit. 


was made on one batch of catalyst. After 
each process period the catalyst was 
purged and then regenerated in situ by 
air oxidation. The carbon formation was 
determined by measuring and analyzing 
the regeneration gases. Although the ac- 
curacy of these determinations was not 
of a particularly high order, a fairly good 
correlation was obtained between car- 
bon on catalyst and residence time, rep- 
resented by the following equation: 

C.=065 6 ...... (2) 

In the example just discussed for East 
Texas gas oil and synthetic catalyst, the 
implicit assumption is made that, within 
limits, the feed rate has no effect on the 
extent of carbon formation on catalyst 
for a given residence time. Although this 
may appear strange at first, there is a 
large amount of supporting evidence, 
some of which follows. 

A rather extensive series of runs was 
made on a small-scale fixed-bed unit on 
an East Texas gas oil, both with natural 
and with synthetic catalyst, to determine 
the effect of feed rate on carbon forma- 
tion at cracking temperatures from 800° 
to 950°F. The feed rate was varied from 
0.6. to 1.2 vol. per vol. per hr., but the 
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length of cracking period was uniform 
maintained at 2 hr. After each run 
catalyst was discharged from the um 
and analyzed for carbon by combustiony 
and a fresh batch of catalyst was instale 
ed for the next run. The data are prey 
sented in Table 1. It will be noted that, 
as the feed rate increases at a given tem 
perature, the weight per cent carbon on 
feed decreases as might be expected, but 
the weight per cent carbon on catalyst 
remains substantially constant. 
Another example of the constancy of 
carbon formation on catalyst for a given 
residence time, regardless of feed rate, — 
is furnished by data obtained on catalyti¢ 
cracking of pure compounds. Both ce 
tane and Decalin were cracked with 1 
ural catalyst in a small unit at 850°% 
for a process period of 2 hr. ands 
feed rates varying from 0.6 to 2.4 7@ 
per vol. per hr. After each period & 
catalyst was removed for carbon“@ 
termination by combustion and was 
placed by a fresh charge. The data am 
presented in Table 2. Here again t ® 
evident that the weight per cent carbolm 
on catalyst is relatively independent Of 
feed rate. a 















DOING NGLOVEX so» 
<a 


Throughout the country, Graver Expansion Roof Tanks 
are helping to save thousands of gallons of gasoline 
annually at refineries and pipeline terminals of the 
Nation’s leading oil companies. 

In Indiana... Virginia... Florida... Wisconsin... 
Ohio . .. wherever used .. . Graver Expansion Roof Tanks 
are putting a stop to evaporation and filling losses and are 
maintaining octane ratings. At the same time, the equip- 
ment is rapidly paying for itself through direct savings. 

Whatever the location, this guaranteed protection is 
available to you—now! Write Graver today for complete 
information. 


1. Port St. Joe, Florida 2. Green Bay, Wisconsin 3. Atlanta, Georgia 
4. Omaha, Nebraska 5. Norfolk, Virginia 6. Lima, Ohio 


Fabricated Steel Plate Division of 


GRAVER TANK & MEG.CO..INC. 


4811-61 Tod Avenue, East Chicago, Ind. 


New York Catasauqua, Pa. Chicago Tulsa, Okla. Port Arthur, Tex. los Angeles, Calif. 

















FIG. 4. Feed conversion vs. cracking time and . 


feed rate for fixed-bed catalytic cracking of 
an East Texas gas oil with synthetic catalyst. 






























































































































































FIG. 3. Carbon yield vs. feed conversion 
for fixed-bed catalytic cracking of an 
East Texas-gas oil with synthetic catalyst. 
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A practical demonstration that per 
cent carbon on catalyst is virtually un- 
affected by feed rate was furnished some 
years ago in the operation of a semi- 
plant-seale, fixed-bed catalytic cracking 
unit. In each reactor there were four cat- 
alyst beds of equal height, vertically dis- 
posed one above the other. During the 
process period the flow of oil vapors was 
through the four beds in series. During 
regeneration, the flow of gases was 
through the four beds in parallel in or- 
der to minimize pressure drop. The indi- 


vidual temperature records for each bed 
during regeneration indicated that about 
the same amount of carbon was burned 
from each bed. This is equivalent to 
saying that the carbon on catalyst was 
independent of feed rate, because the 
feed-space-velocity (vol. per vol. per 
hr.) in the case of the first bed was four 
times that for the total reactor. 

Much thought and speculation have 
been directed to answering the question 
as to why carbon on catalyst for a given 
residence time should be relatively in- 











dependent of feed rate. The character. 
istics of the hydrocarbons in contact with 
the catalyst are continually changing as 
the feed stock progresses through the 
catalyst bed, and also different feed 
stocks differ in their carbon-forming ten- 
dencies. However, consider what hap- 
pens as the feed stock passes through the 
bed of catalyst. It is converted to an in 
creasing extent into (a) gasoline and gas 
which have less tendency to carboniz 
than the original feed, and (6) cycle gas 
oil which has more tendency to carbonize 


a 
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pETR 


In fantastic mazes of piping and tanks... in 
silvery towers and glistening spheres . . . petroleum is 
broken down to serve industry with an almost unbe- 
lievable variety of products and ingredients. Its versa- 
tility appears limitless. What other man-perfected gift 
of nature, for example, can fuel a vehicle, lubricate it, 
and supply the synthetic for its smooth-running tires? 

Operations must run smoothly i in every phase of the | 
oil processing industries in which petro-chem- 
istry has scored so many technological advances. 
Close control of the flow of liquids and gases is 
all-important and accounts for the unusual care 
with which valves for such pipelines must be 
selected. 

“American industry flows through Fairbanks 
valves”, and wide refinery use affords a good 
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super-servant of industry 


illustration. One type serving the oil and gas fields is 
the iron body bronze-mounted gate valve below. 
Other Fairbanks valves recommended for use in the 
petroleum industries as well as on steam, gas, water and 
process liquid lines in all industries are all-iron gate 
valves as well as bronze valves in gate, globe, angle, 
and check types. 

__In valves as in all heavy-duty equipment, there's no 
substitute for substantially-built units made to 
close tolerances from metals that are rigidly 
controlled. There’s no substitute for experience 
such as Fairbanks has gained over its fifty year 
span of service. For your reference files, write 
for a Fairbanks Catalog 42, which gives speci- 
fications and prices. With it,. we'll send nearest 
distributor’s name. 
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than the original feed. To the degree that 
these two tendencies balance each other, 
the extent of carbon formation on cat- 





FIG. 5. Carbon formation vs. cracking time in fluid 
catalytic cracking compared to fixed-bed cracking. 


alyst will not differ at any level in the REACTOR A A 
catalyst bed at any given time; this EAST TEXAS GAS OIL—NATURAL CATALYST REACTOR B Q) 
means that carbon on catalyst is inde- REACTOR C O 
pendent of feed rate within limits. This TINSLEY GAS OIL—SYNTHETIC CATALYST REACTOR D 7 
phenomenon is thus ascribed to a fortui- 10 cit. 

tous balance between the carbonizing 8 SAST TEXAS big Samet CATALYST 
tendencies of the unconverted feed and 6 - —T—T+1-1TTTT] {FROM FIG. 1 

the total products of reaction. It is not ; ; ry an x L 2 r tT 1? T 

proved or claimed that this observation 4.07 || FIXED BED rt —— , 

will hold for all feed stocks, all catalysts, 3 ~ J 


or an extreme variation in feed rates. In 
fact it seems remarkable that the gen- 
eralization holds as broadly as indicated 
by the results presented in this paper. 

The data in Table 1 permit a study of 
the effect of temperature on carbon for- 
mation. Fig. 2 shows how carbon forma- 
tion on catalyst increases with cracking 
temperature. The correlation is rather 
good, and indicates that the carbon for- 
mation doubles for approximately 190- 
200°F. increase in cracking tempera- 
ture. 

As indicated earlier, there is generally 
a good correlation between feed stock 
conversion and carbon yield based on 
feed for a given catalyst, feed stock, and 
temperature. As an example, the data 
obtained in a fixed-bed study on East 
Texas gas oil and synthetic catalyst at 
850° and at various feed rates and crack- 
ing periods are portrayed in Fig. 3. The 
runs involved are the same as those al- 
ready discussed in connection with Fig. 


“WEST TEXAS G. ©. NATURAL CATALYST _ 
(FROM FIG. 1) __ | 
ton 


+ 


| | 
' 


WEIGHT PER CENT CARBON ON CATALYST 
o= 


4 





— a = 
FLUID SYNTHETIC CATALYST 
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1. Fig. 3 shows a fairly good linear cor- 
relation on log-log paper between con- 
version and carbon yield on feed. The 
one point considerably off the line, at 
about 36 per cent conversion, may repre- 
sent a faulty determination of conversion 
as discussed laten At this juncture it 
may be mentioned that numerous other 
data are available on other feeds, on 








other catalysts, and at other tempera- 
tures, which show that the logarithm of 
the conversion is approximately linear 
with the logarithm of the carbon yield 
(log-log) , or that the conversion is linear 
with the logarithm of the carbon yield 
(semilog). The graph in Fig. 3 is repre- 
sented by the equation: 


C, = (3.55) (10°) V2 . . . (8) 
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SIX-INCH STROKE 
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) LINERS 21/2" to 4” 


DUPLEX > "Heavy duty designs 
SIDE POT — engineered for de- 
POWER PUMP pendable Oil Field 


Service — gives the ultimate in 
efficient service. Our engineering 
staff is available for information or 
installation and requirements. 
IMMEDIATE DELIVERY 


Write for Catalog No. 200 
LEYMAN MANUFACTURING CORP. 


DIVISION 


CINCINNATI 2 






The JOHN H. McGOWAN @o 


59 CENTRAL AVE 


OHIO 








USE MERCOID “DA” CONTROLS FOR THOSE 
TEMPERATURE AND PRESSURE PROBLEMS 


Both controls are available in anumber of ranges for various 
conditions involved. 

The features pointed out in the above illustration have made 
these controls favorites among leading engineers. 

Mercoid Catalog No. 600 contains full information on the 
entire line of Mercoid Controls and Mercury Switches. 
THE MERCOID CORPORATION 4237 BELMONT AVENUE, CHICAGO 41, ILL 
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THE MEARL CORPORATION 153 waverty piace, NEW YORK 14, N. Y. 


Factory: Roselle Park, New Jersey 


How Does It Perform? MEARLFOAM-), when 
mixed with air and water in any standard 
mechanical foam generating unit, (see foot- 
note*) instantly produces a voluminous, 
fire-resistant foam composed of myriad tiny 
bubbles filled with air. This blended, multi- 
protein foam of high fluidity spreads rapid- 
ly over the fire forming a welded mat or 
airtight blanket. This tough, lasting foam 
blanket seals out the oxygen on which fire 
feeds—extinguishes fire by smothering. It 
floats on oil surfaces—quickly builds up a 
sx- or eight-inch welded air-foam mat which 
kills fire . . . keeps it out permanently. 
MearLFoAM-5 adheres to solid surfaces and 
will pile up an inch or two of fire-smother- 
ing, dense foam even on_ perpendicular 
surfaces, 

What About Flashback? Because the air- 


tight blanket formed with MEaARLFOAM-5 is 
fire-resistant and long-lasting, fire-fighters 
may approach a fire which has been ex- 
tinguished with a great deal of personal 
security. They know that when MEARLFOAM-5 
puts the fire out, it will stay out and not 
suddenly flash up again. Should any rup- 
tue or break occur in the dense foam 
blanket, this live, long-lasting foam—with 
the tough elastic water-retaining film—re- 





mains mobile and the rupture automatically 
heals. Even when the blanket of Meart- 
FOAM-5 has aged, it still retains its fire- 
resistance. This means that when, even after 
aging, a hole is cut in the foam blanket and 
the gasoline or oil is re-ignited, the remain- 
der of the blanket will confine the fire and 
prevent its spreading beyond its foam- 
circled area. 


Properties of MEARLFOAM-S. This long- 
lasting, live foam is water soluble and may 
be easily washed away after fire is out and 
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*MEARLFOAM-5 produces 560-620 gallons of multi-protein foam 


per minute . . 


Note constancy of foam when water temperatures (sea water and 


. even with wide variation of water temperature. 


fresh water) range from 35° to 70° F. Tests run at 100 Ibs. pressure 
in standard U. S$. Navy foam nozzle (discharging 60 g.p.m.) 
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there is no longer danger of re-ignition. 
MEARLFOAM-5S is not harmful to persons or 
their clothing. It is non-corrosive. Its per- 
formance is practically constant and in- 
variable over a wide range of conditions. 
MEARLFOAM-5 works at maximum efficiency 
in any climate or atmospheric condition. 
It is a good mixer—with any type of water: 
sea water, fresh water, hard or soft water. 
No matter what the temperature of air or 
water — MEaRLFOAM-5 performs on sched- 
ule. You can always rely on MEARLFOAM-5S 
to put fire out fast—to keep fire out per- 
manently !‘ Foam on...Fire out...Staysou't!” 


Ne Deterioration. 


stored for long periods and its performance 
stays at top-effic:ency. It does not separate 


MEARLFOAM-3 can be 


into layers or form sediment or sludge! 
This unique property of MEARLFOAM-5S 
eliminates the danger of clogged pick-up 
tubes when fire-fighting effectiveness must 
be at its peak. Meartroam-5 is free-flowing 
at all temperatures above 12° F. and there 
is no precipitation or gelling. In extreme 
cold, to prevent water from freezing, cal- 
cium chloride may be added as an anti- 
freeze without danger of impairing its fire- 
fighting efficiency. 


What Equipment Is Required? Any standard me- 
. chanical foam generating unit may be used with 
complete safety as MEARLFOAM-5 is non-corrosive. 


The U. S. Navy uses the following equipment with MEARLFOAM-5: 
All-purpose nozzle and applicator for mechanical foam; mechanical 
foam nozzle equipped with pick-up tube; DUPLEX Pressure Pro- 
““‘§’’ type (suction) Proportioner. All of these units genera‘e 
foam by mixing the foam liquid, water and air ia the air-foam nozzies. 


Pre-mixed solution of foam liquid in 
water may be prepared and this solu- 
tion when pumped to the nozzle emerges — 
as completely formed foam witho''t - 
need for pick-up tube. MEARLFOAM- 
5 is unique in that—-when pre-mixed 
in any kind of water. it does not ca’ 
any precipitation which might clog 
lines or nozzle openings. 
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It is interesting to consider simultane- 
susly Equations 2 and 3, which refer to 
the same cracking runs. Since the carbon 
on catalyst is a logarithmic function of 
length of process period independently 
of feed rate, and since the carbon yield 
based on feed is a logarithmic function 
of conversion regardless of feed rate or 
cracking period length, certain signifi- 
cant deductions are possible. Specifi- 
cally, an equation is developed below to 
show the interrelation of conversion, 


feed rate, and length of cracking period: 
carbon on catalyst = C, = 


er. «cc an sc se a 


© carbon on feed = C, = 


(3.55) (10°) -V2%* . 2. (3) 


ri 


AMERICAN 


ROLLER BEAP'N 
SS 





C.. = C, + (catalyst-to-oil 


weight ratio). . . . . (4) 
6 D, 
= C,-Us OD. 
D, __! 
D. ~—0.58 
.' 0.65 99-44 = (3.55) (10-) - 
nd 6 ] 
Wes U- "Gas 
P l l ” 
whence V = 96- [jo.84° po. (5) 


A graphical solution of Equation 5 is 
given in Fig. 4 for feed rates of 0.3, 0.6, 
and 1.2 vol. per vol. per hr. For compari- 
son, the actual data obtained in the runs 





When we say super service, we mean just that! Because 
AMERICAN SUPER HEAVY DUTY ROLLER BEARINGS 
are specially built for applications requiring super 
strength... super performance... super endurance. 
They are not just ‘‘stock’’ bearings. Often they are 


designed to exact specifications for the job they are 
required to do. Their vital, extra capacity to render continuous 24-hour-a- 
day performance in the heaviest equipment built, under the most adverse 
service conditions to be encountered in modern industry, is the reason why, 
for more than 25 years, AMERICANS have been first choice with manufac- 
turers and designers of heavy industrial and oil country machinery. Once 
adopted, no manufacturer has ever had to switch from AMERICANS. Write 


today for complete technical details. 


AMERICAN ROLLER BEARING COMPANY 


PITTSBURGH 


PENNSYLVANIA 


Pacific Coast Office: 1718 S. Flower St., Los Angeles, Calif. 


AMERICAN 


Heavy-Duty ROLLER BEARINGS 





258 








are plotted. The concordance betwee; 
actual and calculated values of conver. 
sion is generally good except for the 
point at about 36 per cent conversion, in 
which case the predicted value would 
be 41 per cent. If there had been an error 
in the determined conversion for this 
period, and if the predicted value were 
actually correct, the correlation shown 
in Fig. 3 would also be considerably im. 
proved, as pointed out earlier. 

The significance of the correlation 
among conversion, feed rate, and length 
of cracking period deserves further men. 
tion. First, it is possible from a relative. 
ly few runs, with accurate carbon deter. 
minations, to establish a good mathemat- 
ical relation showing the relative effect 
of feed rate and length of process pe- 
riod in determining conversion: This cor. 
relation is readily amenable to linear 
graphical representation or to simple 
nomographic treatment, with a fair 
amount of extrapolation permissible be- 
yond the actual confines of the data. 


@ Carbon formation in fluid cracking. 
Some of the differences between fluid and 
fixed-bed catalytic cracking have al- 
ready been mentioned. However, the 
similarities far outweight the differ- 
ences; and it has been found that the 
same generalizations with respect to car- 
bon formation, developed for fixed-bed 
cracking. are equally applicable to fluid 
operation. 

An extensive study was made in fluid 
catalyst cracking on a semiplant scale 
both on natural catalyst and on syn- 
thetic. A number of different types of 
reactors were employed, many feed 
stocks were studied, and a wide range of 
operating conditions was covered. Two 
particular studies have been chosen to 
illustrate the relation between carbon 
formation on catalyst and residence time 
of catalyst. The first case is for an East 
Texas gas oil with natural catalyst at a 
cracking temperature of 900-925°F. The 
second is for a Tinsley gas oil with syn- 
thetic catalyst at 950°. In both cases the 
catalyst was continuously regenerated to 
a low residual carbon content, and good 
stripping of spent catalyst was obtained. 
The carbon formation thus represents 
substantially catalytic carbon only. The 
weight per cent carbon formed on cat- 
alyst is the difference in carbon content 
between spent and regenerated catalyst. 
Although samples of spent and regen- 
erated catalysts are regularly withdrawn 
from fluid units for carbon determina- 
tion by combustion. the absolute value of 
the carbon content even on spent catalyst 
is ordinarily so small that erratic results 
sometimes occur. A more reliable de- 
termination of the weight per cent car- 
bon formed on the catalyst is obtained 
by dividing the weight of carbon burned 
in the regenerator in unit time by the 
weight raté of catalyst flow. This is the 
procedure regularly employed. The rate 
of carbon burning is determined from 
the quantity and analysis of the regener- 
ation vent gas; and the rate of catalyst 
flow is determined by Venturi or other 
special meters. The catalyst residence 
time in the fluid cracking reactors is de- 
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Why make three welds when two will produce 
a better piping job? Where it is necessary 
to change both the direction of flow and size 
a of pipe, the Midwest Reducing Elbow replaces 
4 two welding fittings: (1) a standard elbow 
and (2) a reducer. The many important fea- 
tures are enumerated at the right. 
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All the advantages of Midwest Standard 
Elbows are to be found in Midwest Reducing 
Elbows: unusual dimensional accuracy and 
uniformity, beneficial effect of working metal 
2 in compression, stress relieving, etc. Center- 
to-end dimensions are the same as in standard 
elbows with which they are interchangeable. 


FMS. UT 


The Reducing Elbow is only one of the many 
Midwest developments designed to improve 
the quality of welded piping and to save cost 
in erection. Write for Bulletin WF-41 for com- 
: plete information about the advantages of 
Midwest Welding Fittings. 
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termined from the average catalyst con- 
centration and the catalyst flow rate. The 
catalyst concentration is calculated by 
pressure drop measurements across va- 
rious levels in the reactor. 

The relation between carbon forma- 
tion on catalyst and residence time of 
catalyst is illustrated in Fig. 5, which 
also includes the previous correlations 
from fixed-bed cracking given in Fig. 1. 
The study on the East Texas gas oil with 
natural catalyst at 900-930°F. (Fig. 5) 
was conducted in three reactors of dif- 
ferent shape factors, employed in a spe- 
cial investigation of reactor type. The 
various points represent data at approxi- 
mately the same level of catalyst activity. 
No difference is indicated for the various 


reactors. The equation for the correlat- 
ing line is: 

C =@Q@S20°* ..... + (6) 

In the case of the Tinsley gas oil with 
synthetic catalyst at 950°F., the points in 
Fig. 5 were corrected to a common ac- 
tivity level. The correlating line is repre- 
sented by the equation: 

C.=0.240°%* ...... (7%) 

In fluid catalyst cracking, as in fixed- 
bed, the carbon yield based on feed is a 
function of feed stock conversion. Hence 
it is possible to derive the same kind of 
equations relating conversion with feed 
rate (wt. per hr. per wt.) and catalyst 
residence time or catalyst to oil ratio. 
Such equations have been used to con- 
struct graphical correlations that predict 
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with satisfactory accuracy the Conver. 
sions obtained at various feed rates (yt, 
per hr. per wt.) and catalyst residenc 
times or catalyst to oil ratios. These cop. 
relations have been particularly valuabl. 
in the analysis of data from the com, 
mercial units. 


@ Relation between carbon formation 
and residence time. The very small tem. 
perature coefficient of carbon formation 
(Fig. 2) is indicative of a diffusion cop. 
trol, and since the rate of carbonization 
drops off as the percentage of carbon 
on the catalyst increases, it is reasonable 
to postulate that the coke itself is the 
diffusion barrier. Indeed, if it is assumed 
that the rate of diffusion is inversely pro. 
portional to the weight per cent of car. 
bon, then , 

dC, K 

dé ie C, 

or 

er 5 4 ee ws (8) 

It is of interest to compare Equation 
8 with the four correlation equations de. 
picted in Fig. 5, two for fixed-bed crack. 
ing and two for fluid: 

C, = 0.86 9°-*! (1) 

C, = 0.65 9°44 = (2) 

C, = 0.52 9°88 = (6) 

C, = 0.24 9°-*3 = (7) 
The exponents of @ are all close enough 
to 0.5 to suggest a good concordance 
with the theory advanced above. 

Just how the coke constitutes a diffu. 
sion barrier is not entirely clear, since 
the large specific surfaces of cracking 
catalysts require a large coke deposi- 
tion to form even a monomolecular layer. 
Possibly the coke accumulates about ac- 
tive centers on the surface causing an 
effective diffusion choke while most of 
the surface is still bare. 





@ Nomenclature 


A = constant, depending on cata- 
lyst, feed stock, and tempera- 
ture 

C, = carbon, weight per cent on cata- 
lyst 

C, = carbon, weight per cent on feed 

9 = density of oil 

D, = density of catalyst 

K = constant (=A?) ; 

V = volume per cent conversion of 
feed stock 

U = feed rate, vol./vol. of catalyst/ 
hour 

W = feed rate, wt./hr./wt. of cata 
lyst in reactor 

Z = weight ratio of catalyst to oil 

6 = catalyst residence time, min- 
utes 

n = constant, depending only slight- 
ly on catalyst, feed stock, tem 
perature. 


@ Literature cited. 


1. Murphree, E. V., Brown, C. L., Fischer, 3 
G. M., Gohr, E. J., and Sweeney, W. J., 
Eng. Chem., 35, 768-73 (1943). 

2. Murphree, E. V., Gohr, E. J., and Brown, © 
L., Ibid., 31, 1083 (1939). 

8. Thomas, C. L., Anderson, N. K., Becker, B 
A., and McAfee, J., Oil and Gas Journal, #, 
181 (1948). 

4. Thomas, C. L., Div. of Petroleum Chem» 
A.C.8,, Cleveland,*1944. kk k 
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In an article “How To Minimize Evaporation Losses” 
recently printed in an authoritative oil publication, a 
well known industrial engineer estimated the average 
gravity loss from oil produced in the U.S.A. to be 
1° API. 

This means that approximately 212% by volume, 
or 41,000,000 barrels of oil per year, are lost by 
evaporation from the time the crude is produced until 
itenters the refinery. 

PETRECO-designed dehydration systems contribute 
a great deal to eliminating evaporation losses. The 
treating unit, built under A.P.I.-A.S.M.E. specifica- 


PETRE<O 


Dehydrating e Electrical Process e Desalting 
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tions, is vapor tight and may be operated under suffi- 
cient pressure to assure maximum treating efficiency 
and minimum evaporation loss. The positive perform- 
ance of Petreco dehydration, coupled with its auto- 
matic operation, offers the best protection against 
evaporation losses and conserves manpower as well. 


PETROLEUM RECTIFYING COMPANY 
5121S0. WaYsIDE DR, HOUSTON 1, TEXAS 
530 WEST SIXTH STREET, LoS ANGELES 14, CALIF. 
648 EDISON BUILDING, TOLEDO 4, OHIO 
Representatives in principal production and refining centers 
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BUTANE DEHYDROGENATION* 


By C. C. WATSON, FRED NEWTON, J. W. McCAUSLAND, 
E. H. McGREW, and L. S. KASSEL, Universal Oil Products Company 


Tue development of the butane dehy- 
drogenation process, particularly in the 
pilot plant stages, has been a chemical 
engineering problem of sufficient inter- 
est to justify discussion at the present 
time. Information obtained from the 
pilot plants has been valuable in the de- 
sign, construction, and operation of com- 
mercial plants, some of which are now 
in operation and others in the course of 
construction to meet wartime demands 
for aviation gasoline. 

Butylenes formed from the dehydro- 
genation of butane are selectively poly- 
merized to form isooctene, which is hy- 
drogenated to isooctane, one of the prin- 
cipal components of aviation gasoline. 
The pilot plant units were designed for 
a combined feed ratio of 4:1, corre- 
sponding to a conversion of 25 per cent 
per pass,.and this conversion is being 
uniformly maintained throughout the 
life of the catalyst. Efficiencies (moles 
of butylenes produced per mole of bu- 
tane decomposed) are of the order of 
85 per cent. 


@ Catalyst. As pointed out by Grosse 
and Ipatieff,! a successful process for 
the dehydrogenation of a paraffin such 
as butane requires the use of a catalyst, 
since purely thermal treatment results in 
a low conversion rate and an excessive 
yield of degradation products. The high 
temperatures required in order to obtain 
favorable equilibrium conditions impose 
several rather rigid demands on such a 
catalyst. A satisfactory dehydrogenation 
contact material must first of all possess 
high activity, in order that the desired 
conversion may be attained at relatively 
mild time-temperature conditions. This 
is essential if thermal decomposition is 
to be restricted. It is equally important, 
of course, for the catalyst to have high 
selectivity in the direction of the desired 
products. In addition to possessing these 
qualities initially, the contact material 
must be stable at process conditions if a 
reasonable life is to be obtained. 


Under the conditions required for the 
dehydrogenation reaction, it has not 
been found possible to prevent a side 
reaction that produces a small amount 
of carbonaceous deposit on the catalyst. 
The formation of this deposit is asso- 
ciated with a gradual decline in catalyst 
activity. It is therefore necessary to re- 


generate the catalyst periodically by 


treatment with an oxygen-containing 
gas. During this treatment, the carbona- 
ceous .deposit is burned, with evolution 
of large amounts of heat. In any com- 


- *Presented before American Institute of 
Chemical Engineers, Cleveland, Ohio, May 15-16, 
1944. Published in Transactions AICHE, June, 
1945. 
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mercially practicable design, the tem- 
perature during the regeneration step 
exceeds that in processing, and thus im- 
poses an even severer requirement on 
the thermal stability of the catalyst. 

From a purely mechanical standpoint, 
it is of course essential that the catalyst 
be rugged in character in order to resist 
breakage under the conditions at which 
it is employed. This is important since 
any inequality in vapor flow reduces the 
efficiency during processing and _ in- 
creases local temperatures during re- 
generation. Initial uniformity of flow is 
assured by the use of pelleted catalyst 
and by a proper technique for loading 
catalyst. This initial uniformity can not 
be maintained, however, unless the cat- 
alyst maintains its original form. 

Other practical considerations enter- 
ing into selection of a catalyst are costs 
and availability. The raw materials 
should be readily available and their 
cost, together with the cost of converting 
them into the finished catalyst, should 
be reasonable. 

Study of catalyst composition and pro- 
duction methods during a decade has 
resulted in several significant improve- 
ments. The ability of the present cat- 


‘alyst to meet the requirements of a suc- 


cessful dehydrogenation process is 
amply demonstrated by the conversion 
per pass, efficiency, and life achieved in 
actual commercial operation. Work now 
in progress would indicate that a cat- 
alyst having still more attractive proper- 
ties may soon be realized. 


@ Process and plant requirements. 
Any catalytic dehydrogenation process 
is inherently a high-temperature opera- 
tion, since the thermodynamic equilib- 
rium conversion is low at temperatures 
below 950°F. The other considerations 
of major importance in determining the 
optimum operating range are that the 
temperature coefficient of the catalytic 
reaction is less than that for thermal 
cracking, and that the catalytic reaction 
rate increases less than proportionately 
with the pressure. Consider now the ef- 
fect of varying the process temperature 
at constant conversion. If the tempera- 
ture is too low, the desired conversion is 
thermodynamically impossible, and if it 
is only moderately greater than the 
thermodynamic minimum, a very low 
space velocity (large amount of cat- 
alyst) is required. The space velocity is 
low, not only on account of the low in- 
herent reaction rate, but also because 
the reaction is strongly retarded as 
equilibrium is approached. Since both 
thermal and catalytic side reactions are 
largely nonequilibrium processes, they 
escape this retardation, and a low ef- 


ficiency is obtained. On the other hand. 
if the temperature is too high, the rate of 
thermal reaction becomes comparable to 
that of the desired catalytic reaction, and 
the efficiency is again low. Decrease of 
pressure is favorable since the ratio of 
thermal to catalytic rate is decreased, the 
equilibrium conversion is increased, and 
the efficiency is correspondingly im. 
proved. However, the beneficial effect of 
continued pressure decrease obviously 
diminishes and is ultimately over-bal. 
anced by practical disadvantages. It js 
interesting to note that in some circum. 
stances an increased yield of butadiene 
at a low pressure will be objectionable. 
This is especially true when dehydro. 
genation is operated in conjunction with 
alkylation. The processing temperature 
and pressure are largely fixed by all the 
above considerations. 


Major factors in plant design are the 
high endothermic heat of reaction, the 
exothermic heat of regeneration, and 
the desirability of a moderately low 
pressure drop, so that the entire cat- 
alytic zone will be in the preferred low 
pressure range. Since the heat of reac- 
tion is about 1000 B.t.u. per Ib., adia- 
batic reaction would necessitate a tem- 
perature drop of 300-400°F. at 30 per 
cent conversion. Since the most practical 
catalytic range is only about 100°F. 
heat of reaction must be supplied to the 
vapors. There are several ways in which 
this might have been done. The method 
chosen was to use a heat exchanger type 
reactor consisting of a large number of 
tubes in parallel, and to circulate hot 
flue gas outside of the tubes. This system 
is very suitable for regeneration also, 
cooling being provided by circulation of 
relatively cool flue gas. The hot and cold 
flue gas circuits have been partially con- 
bined as is later described in more de- 
tail. It is a particular advantage of this 
type of plant that the processing and 
regenerating steps are mutually inde- 
pendent. The heat required for process: 
ing need not be supplied from regenera 
tion, nor need the heat liberated in re- 
generation be absorbed in processing. 
Freedom from these restraints permils 
optimum conditions for both processing 
and regeneration. This advantage is ob- 
tained at the expense of thermal ef 
ficiency in comparison with a simple re 
generating-type plant in which the heal 
of regeneration is stored in the catalyst 
bed at a sufficiently high temperature for 
use in the subsequent process period. 
Detailed design studies made it*seem 
very improbable that the simple reget 
erative unit would possess sufficient st® 
bility in an operation of this charactet. 
This stability could be introduced by 
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modifications that would divorce the 
heat evolution of the regeneration step 
from the process heat requirement. Such 
modifications, however, would abandon 
the higher thermal efficiency, which was 
a principal advantage of the regenera- 
tive design. 

The development of a molten salt, 
stable and noncorrosive up to at least 
1250°F. which was used in a semicom- 
mercial butadiene unit, affords a promis- 
ing alternate heat transfer fluid for use 
in the heat exchanger type reactor. 


Regeneration must be carried out 
without exceeding a safe maximum tem- 
perature of about 1300°F. Temperature 
is controlled by cooling outside the cat- 
alyst tube, and by recirculating regen- 
erating gas to give a controlled oxygen 
content. Burning takes place in a rela- 
tively narrow zone, which travels down 
the tube at a rate determined by the re- 
generation gas rate, the oxygen content, 
and the amount of carbon on the cat- 
alyst. Part of the heat is removed 
through the tube wall by the cooling flue 
gas, but the remainder travels through 
the catalyst bed at a rate determined 
by the regeneration gas rate and the 
heat capacities of the gas and the cat- 
alyst. When this rate is nearly the same 
as the rate of the burning wave, the two 
waves reinforce each other, and abnor- 
mally high peak temperatures are de- 
veloped. Control of conditions to prevent 
this resonance is important in the de- 
sign of either heat exchanger or adia- 
batic type reactors; even though in the 
former, the heat wave isstrongly damped 
by heat transfer through the tube walls. 
This control is of paramount importance 
in the case of an adiabatic reactor, since 
the heat wave cannot be thus damped. 
The possibility of such control in a prop- 
erly designed plant of either the tubular 
or the adiabatic type is clearly estab- 
lished, not only by theoretical calcula- 
tions but also by extensive pilot plant 
and commercial experience with dehy- 
drogenation, catalytic cracking, and 
other processes. The tubular reactor de- 
sign, however, because of increased flex- 
iblity in capacity, has the advantage of 
greater freedom in meeting changed re- 
finery requirements. 


The design of the catalyst tubes is of 
major importance. The total volume, of 
course, is that of the required amount 
of catalyst. The tube dimensions affect 
pressure drop and heat transfer rates, 
during both processing and regenera- 
tion. As the tube length is increased, the 
mass velocity inside the tube is in 
creased, provided the space velocity is 
constant. Increased mass velocity gives 
better heat transfer between tube wall 
and catalyst bed and therefore permits 
a somewhat larger diameter. The cat- 
alyst volume per tube is therefore in- 
creased very substantially, and the num- 
ber of tubes in the plant is reduced. On 
the other hand, the pressure drop 
through the tube is also markedly in- 
creased as the tubes become longer. This 
is unfavorable during processing be- 
cause of decreased selectivity, and dur- 
Ing regeneration because of the in- 
creased power requirement for recircu- 
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lating regeneration gas. The selection 
of tube dimensions for the plant is based 
on an evaluation of these opposing ef- 
fects. 

The choice of a proper tube material 
is vital to the success of the process. The 
alternately oxidizing and reducing con- 
ditions to which the inner tube surface 
is exposed prevent formation of the 
stable oxide film on which many alloys 
depend. Even small particles of such 
metals as iron and nickel cause enough 
excessive carbon formation to plug 
tubes, or even to burst them. It is there- 
fore not satisfactory for the tube mate- 
rial to scale at a rate that would give 
several years’ tube life, since even this 
small amount of scale is intolerable be- 
cause of carbon formation. The earliest 
laboratory work was done exclusively in 
quartz tubes, which are ideal chemically, 
but can of course receive no considera- 
tion for commercial operation. After 
extensive tests on other materials, a spe- 
cial alloy steel was adopted. 


@ Plant description. A simplified flow 
chart for the process is shown in Fig. 1. 
The charge butane is pumped through 
a heat exchanger and heater, where it is 
vaporized and heated to approximately 
the required reaction temperature, and 
then is directed by means of switch 
valves to the processing reactor where it 
flows downward through all the tubes. 
Reaction occurs rapidly near the en- 
trance as the charge enters the catalyst 
tubes; then, owing to the retarding ef- 
fect of reaction products, decreases as it 
proceeds through the tubes. 


Because the reaction is endothermic, 
heat is supplied by hot flue gas circu- 
lated outside the tubes. The flue gas flow 
is parallel to, and in the same direction 
as, the process gas flow inside the tubes; 
thus the greatest temperature difference 
and greatest flow occur at the top of the 
tubes, and as the flue gas is cooled, the 
temperature difference and heat flow be- 
come less. Since the reaction rate also 
decreases with flow down the tube, the 
reaction temperature profile will be ap- 
proximately isothermal. 


The butane temperatures in the inlet 
portion of the tube can be raised or 
lowered by adjusting the inlet tempera- 
tures of the flue gas and/or the butane 
itself. The butane temperatures in the 
outlet portion can be varied almost in- 
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dependently by adjusting the flue gas 
flow rate, thus changing its temperature 
in this zone. This flexibility permits op- 
eration at the optimum efficiency for any 
desired conversion. 


The heating flue gas is_recirculated 
through ducts by a fan; its temperature 
is raised by the addition of hot combus- 
tion products from fuel gas burned in 
a heater, and it is then directed by 
dampers to the processing reactor where 
its temperature is lowered by heat trans- 
ferred to the reaction. 


The product leaving the catalyst tubes 
is composed of butylene, hydrogen, un- 
reacted butane, and small percentages 
of other light hydrocarbon gases re- 
sulting from side reactions. It passes 
through the outlet switch valves and the 
charge heat exchanger into a gas scrub- 
ber where it is further cooled by a cir- 
culating oil stream. The product is then 
sent to other processes. Usually, it is 
compressed and sent to an absorber for 
separation of the butane-butylene frac- 
tion from lighter gases. The butane- 
butylene fraction may be used as feed 
for polymerization or alkylation. In this 
case the unconverted butane would be 
separated by fractional distillation and 
returned to the dehydrogenation proc- 
ess. In other circumstances, the butane- 
butylene fraction might be directly re- 
solved into butylene and recycle butane 
by solvent or azeotropic operations. This 
would be done, for example, in order to 
obtain concentrated butylene for charge 
to a butadiene plant. 


As previously stated, the catalyst must 
be regenerated after a short period of 
use. Operation of the switch valves, 
dampers, et cetera, required to place the 
spent reactor on regeneration and the 
fresh reactor on process is governed by 
time cycle controller. Normally, this op- 
eration is fully automatic, but means 
are provided to permit’ remote manual 
operation from the control room. All 
operations are indicated by panel lights 

‘so that they may be followed and 
checked by the operator, and are inter. 
locked to prevent any possibility of mis- 
operation by the time cycle controller. 


The regeneration operation involves 
passing of air diluted with inert gas 
through the catalyst bed. Since the oxy- 
gen is removed from this mixture in the 
reactor, the exit regeneration gas is re- 
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cycled as the diluent. Thus, the regen- 
eration system consists of a closed loop 
through which gas is circulated by a 
compressor. Air is admitted to this gas 
before it enters the reactor and a cor- 
responding amount of gas is vented after 
it leaves the reactor. 

The regeneration system operates un- 
der pressure and uses a cold compres- 
sor. The choice of the exact pressure 
and the use of a cold compressor are 
determined by economic considerations, 
rather than by any requirements of the 
process. For example, decrease of pres- 
sure would increase the specific volume 
of the regeneration gas, and the fric- 
tional pressure drop. Both the size and 
the power requirement of the recirculat- 
ing compressor would be increased. In- 
crease of regeneration pressure, on the 
other hand, would lead to increased 
costs for air compression, and to more 
expensive construction. The choice of 
operating pressure is based on a balance 
between these opposing forces. The re- 
generation gas is cooled before recircu- 
lation. This condenses the water vapor 
formed from combustion of the small 
hydrogen content in the carbon deposit, 
and thus prevents the water content from 
increasing to the point where it would 
reduce the activity of the catalyst during 
the following processing period. Cooling 
also reduces the cost of the recirculating 
compressor by reducing the gas volume 
and by eliminating the mechanical prob- 
lems inherent in compressing or blowing 


CONTINENTAL 


Directors of Continental Supply Com- 
pany, Dallas, Texas, have announced the 
promotions of William J. Morris, Fred- 
erick M. Mayer, and 
Frank I. Brinegar. 
Morris becomes 
chairman of the 
board of directors, 
the chief executive 
oficer, a newly 
created office for the 
company. Mayer has 
been named presi- 
dent to succeed Mor- 
ris, and Brinegar be- 
comes executive vice 
president, and has 
also been elected a director of the com- 
pany. The appointments became effec- 
tive July 1. 

Morris, who was born in Hubbard, 
Ohio, in 1881, had been president of 
Continental since 1932 and a director 
since 1921. From 1914 to 1932 he was 
with the Youngstown Sheet and Tube 
Company, Youngstown, Ohio. He start- 
ed his career with that company as a 
timekeeper, later becoming, successive- 
ly, assistant treasurer, treasurer, and 
vice president. He was vice president of 
Youngstown when he left to become 





W. J. Morris 
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a hot gas. The fuel gas requirement for 
reheating the regeneration gas to igni- 
tion temperature is reduced by heat ex- 
change with the gas from the reactors, 
and indeed, is little more than that saved 
by the reduction in compressor power 
credited to gas cooling. The result of 
these economies, although not apparent 
from the flow chart, is that the regenera- 
tion equipment is a relatively small part 
of the plant. 

During regeneration, the reactor is 
cooled by circulating relatively cold flue 
gas outside the tubes in the same man- 
ner as it is heated during processing by 
circulating hot flue gas. This cooling flue 
gas stream fs cooled before admission 
to the reactor housings by injecting 
either a stream of cold air or a small 
spray of water. 

In passing through the reactor hous- 
ing, the cooling flue gas is heated to 
about the same temperature as that to 
which the heating flue gas is cooled. The 
two streams, therefore, are combined 
and recirculated with a common fan. The 
fan discharge divides, one stream being 
heated and one cooled; each stream be- 
ing switched by dampers to the proper 
reactor. This arrangement is advan- 
tageous, not only because of its simplic- 
ity, but also because it gives a sub- 
stantially constant fan temperature, and 
permits continuous operation. of the 
heating fire and the cooling spray or 
damper. Furthermore, the use of totally 
independent heating and cooling circuits 


head of Continental Supply. He moved 
the headquarters of the company from 
St. Louis, Missouri, to Dallas in 1933. 


Morris is a director of the Dallas Na- 
tional Bank, Republic Natural Gas Com- 
pany of Dallas, Emsco Derrick and 
Equipment Company of Los Angeles, 
California, Dallas Title and Guaranty 
Company, and the Mid-Continent Oil 
and Gas Association. He is a member of 
the Dallas Petroleum Club, Dallas Coun- 
try Club, Houston Country Club, the 
City Club, Brookhollow Golf Club, Dal- 
las Athletic Club, and Idlewild. 

Fred Mayer, new president of Conti- 
nental Supply Company, left a promi- 
nent law firm in Youngstown to become 





F. I. Brinegar F. M. Mayer 





would result in recirculation of almog 
pure steam or pure air in the cooling gir. 
cuit, with the consequent threat of jp. 
sulation damage or of duct fires. Cop. 
tinuous mixture of the two streams leads 
to a more desirable composition for the 
circulating medium. 

One of the most obvious expedients 
is to use multiple pairs of reactors, each 
of which has its own feed flow controller, 
exchangers, furnace coil, switch valves, 
and regenerating system. Two pairs of 
reactors may be housed in a single strye. 
ture, served by a common flue gas equip. 
ment, and have a common butane fur. 
nace structure in which the two coils 
are separately fired. The flow chart, Fig, 
1, shows one pair of reactors, with its 
attendant equipment. This subdivision 
results in individual units of optimum 
size. A further advantage is that switch. 
ing of reactor pairs is in sequence. thus 
affecting only one part of the plani at 
a time, and hence providing a practi. 
cally uniform product for charging to 
further processes, such ,as abserption. 
Still another advantage is that several 
operating reactors are always available, 
from which excess inert reactivation gas 
is drawn for purging and repressuring 
the switching reactor. 


@ Literature cited. 


1. Grosse, A. V., and Ipatieff, V. N., Ind. Eng. 
Chem. 32, 268 (1940). 
2. Grosse, A. V., Morrell, J. C., and Mavity, J. 
M., Ind. Eng. Chem. 32, 309 (1940). 
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SUPPLY ANNOUNCES PROMOTIONS 


treasurer of the company in 1932. He 
was elected to the vice presidency in 
1933. Mayer is a director of the Repub- 
lic Natural Gas Company, the Republic 
Company, the Liberty State Bank, the 
Empire Southern Gas Company, and the 
Continental Supply Company. He is vice 
president of the park board of the city 
of Dallas and vice chairman of the War 
Finance Committee of Texas. He is a 
member of the Dallas Petroleum Club 
and the Dallas Country Club. 

Frank Brinegar entered the employ of 
Continental at Chanute, Kansas, in 1921 
as field supply store manager. Rapid pro- 
motions took him to the position of as- 
sistant district manager at Tulsa, Okla- 
homa, in 1927, and to assistant to the 
vice president in St. Louis in 1929. He 
went to Dallas in 1933 as assistant to the 
president and became vice president in 
1935. He succeeds Mayer as executive 
vice president. 

Brinegar is a director of the Emsco 
Derrick and Equipment Company, and a 
member of the American Petroleum In- 
stitute, the Mid-Continent Oil and Gas 
Association, a director of the Brookhol- 
low Golf Club, and is a past president of 
the Dallas Petroleum Club. kk 
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FLUIDIZED FIXED BED* 


P 731.12 


Method for Contacting Solids With Gases and Vapors 
By CHARLES L. THOMAS and JAMES HOEKSTRA, Universal Oil Products Company 


T ue passage of gases or vapors upward 
(counter to gravity) through a mass of 
powdered solid produces the “fluidized 
fixed bed”. The term “fluid” is used to 
convey the fact that the powdered solid 
becomes mobile or fluid in the presence 
of the flowing gases or vapors. In this 
respect it resembles the fluid catalyst 
systems that have become important in 
catalytic cracking’. 

All or most of the powdered solid re- 
mains in the reaction zone in the fluid- 
ized fixed bed. In this respect it re- 
sembles the fixed beds of immobile solid 
contact agents through which gases or 
vapors flow. Thus in the fluidized fixed 
bed both reaction and regeneration may 
take place in the same vessels as is 
usual with fixed beds of catalyst. Both in 
the fluidized catalyst system and in the 
compact moving-bed catalyst system it 
is customary for the catalyst to be re- 
generated in a vessel which is separated 
from the reaction zone. 


If a column of powder is put in a ver- 
tical tube and air is passed slowly up- 
ward, a small flow of air can be obtained 
without any visible effect on the powder. 
If the air rate is increased beyond this 
rate, small channels are seen to form 
with a slight expansion of the powder. 
Further increase in the air rate results 
in a large expansion of the bed with 
violent agitation of the powder. This is 
the fluidized fixed bed condition. Still 
further increases in the air velocity re- 
sult in further expansion of the bed, and 
finally the powder is blown out of the 
tube. This description indicates that a 
number of separable phenomena take 
place, and that the fluidized fixed bed 
condition obtains over only a part of the 
range of flow rates. 

A number of factors determine the 
useful range of flow rates: (1) The 
diameter of the tube should be 2 in. or 
greater. At smaller diameters wall ef- 
fects become sufficiently prominent to 
interfere with smooth operation. (2) 
The density of the powder is related 
to the air rate necessary to fluidize it; 
the greater the density, the greater the 
air rate needed. Most of our experience 
has been with powders having apparent 
bulk densities from 0.4 to 1.0 gram per 
ce. (3) For a given bulk density as the 
particle size of the powder increases, 
the air rate needed to fluidize the powder 
increases. A particle size range of 40 
to 100 mesh was selected. With the above 
densities and sizes, the fluidized fixed 
bed air rate range was about 0.5 to 1.5 
ft. per sec. superficial linear velocity 
(the linear velocity that would obtain 


. *Presented before Division of Petroleum Chem- 
istry, American Chemical Society, New York, 
September 11-15, 1944. Published in Industrial 
and Engineering Chemistry, April, 1945. 


in the absence of the powder). (4) The 
shape of the particles of powder have 
an effect. Plate-shaped particles behave 
differently from rounded or spherelike 
particles. 

The flow conditions necessary to ob- 
tain a desired operation were such that 
it was necessary to construct a full-scale 
glass model to determine the conditions 
for satisfactory operation and the limits 
of the desired type of operation. Based 
on data obtained with the glass model 
using air, metal units were constructed. 
The details of construction are given in 
Fig. 1. Essentially the unit is a piece 
of 2-in. standard pipe, 27 in. long. At- 
tached to the lower end is a 20 deg. 
(total angle) cone, 6 in. long. A small 
piece of 100-mesh screen is placed in 
the bottom of the cone to retain the 
powdered catalyst. Provisions for intro- 
ducing reactants are made at the bottom 
of the cone. A the top a 100-mesh screen 
is used to retain catalyst, and provisions 
are made for removing reactants. A ther- 
mocouple well (14-in., 18-8 chrome- 
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FIG. 1. Fixed fluidized bed unit 
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nickel tubing) is inserted at the top. 
Junctions are located just above the 
screen in the cone at the bottom and 
every 7.5 in. upward to the top of the 
vessel (a total of 5 thermocouples). Con- 
nections for the thermocouples are in- 
dicated at the top of Fig. 1. 

The entire assembly is mounted in a 
thermostated metal block?. With this 
arrangement no separate preheater has 
been necessary in our work; apparently 
the circulation of hot catalyst has served 
as a preheater. 

Many successful tests have been made 
with the unit as described. An improve- 
ment in the degree of contact between 
solid and vapor was obtained by insert- 
ing baffles or distributor plates. These 
were plates \4-in. thick, drilled with 1%- 
in. holes. Their diameter was such that 
they fitted snugly in the tube. They were 
spaced every 2 in. in the reactor. Ap- 
parently the 4-in. holes in the baffles 
break up any large “bubbles” of vapor 
and any channels that form along the 
wall just as they would if the catalyst 
were a liquid. At the same time the 1-in. 
holes are large enough to permit flow 
of catalyst. 

@ Regeneration. Catalytic solids that 
have been contacted with hydrocarbons 
usually become contaminated with a car- 
bonaceous deposit. It is customary to re- 
move these deposits by oxidation with 
air or flue gas that contains oxygen. 
When a regeneration is carried out with 
air in the fluidized fixed bed, there is a 
rather uniform temperature rise 
throughout the catalyst zone. Burning 
seems to occur throughout the catalyst, 
and the motion of the catalyst seems to 
quench any hot spots that may form mo- 
mentarily. This action is in distinct con- 
trast to regenerations of true fixed beds 
of catalyst. The passage of air through 
a nonfluidized fixed bed of carbonized 
catalyst causes the formation of a rela- 
tively small high-temperature burning 
zone which is described aptly as a hot 
spot. This hot spot moves through the 
catalyst bed in the direction of air flow. 

There are at least three undesirable 
characteristics of the non-fluidized fixed 
bed regeneration: (1) Careful control 
must be maintained to prevent the tem- 
perature of the hot spot from rising too 
high and damaging the catalyst. (2) 
Catalyst in the regeneration zone but 
outside the hot spot is idle—i.e., serv- 
ing no useful purpose. (3) The gas for 
combustion must be preheated to some 
critical temperature to maintain com- 
bustion within the hot spot. This reduces 
the amount of heat that is removed by 
outgoing gas of a given temperature. 

The fluidized catalyst overcomes the 


‘ foregoing disadvantages as follows: (1) 


There is no hot spot within the catalyst. 
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ALCO has ample shop space and equip- 
ment...specially designed for plate-work, 
welded, annealed, X-rayed. 

ALCO has an ample force of engineers, 
metallurgists and shopmen...men who 


are expert in pressure-vessel and plate- 
work layout, rolling, assembly, welding, 
annealing and testing. Men who can de- 
sign and specify, if desired; or fabricate 
from your drawings and specifications. 





When you order pressure vessels or 
other plate-work from ALCO and 
you want it rush, you will get it rush. 
And what is more, you will get it 
RIGHT... every time, from ALCO! 








If one tends to form, the moving catalyst 


quenches it. (2) Essentially all the 
catalyst is undergoing regeneration at 
one time. (3) The lower hot portion of 
the bed of moving catalyst is used to 
heat the air as it enters the regeneration 
zone; this eliminates the necessity for 
outside preheating. 


The results of a typical regeneration 
are given in Table I. In this regenera- 
tion, cold air was introduced into the 
bottom of the reactor immediately after 
it had been used in a test cracking gas 
oil. The air rate was 12 cu. ft. per hr. 
Temperature surveys were made 20, 40, 
80, and 120 mins. after the air was 
started. It will be noticed that the tem- 
perature distribution was distinctly dif- 











* TABLE 1 


Temperature distribution during et 


regeneration with air. 











Catalyst ——— Temperature, °F. 

level,in. 20min. 40min. 80min. 120 min 

Bottom 1035 1054 978 923 
7.5 1044 1065 1011 949 
15 1000 1012 1045 975 
22.5 975 981 1029 973 
30* 892 890 898 892 


*Above catalyst level. 








ferent from the hot spots encountered 
in the regeneration of a fixed bed. After 
120 min. the regeneration was essen- 
tially complete. A total of 40 grams of 
carbon was removed from 600 grams of 
cracking catalyst; this regeneration was 
made with the baffles in the reactor. 
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Imagine what would hap- 
pen to our American way 
of life—and to our fight- 


ing forces, if we, too, used this Chinese 
Coolie’s mode of transporting oil. 


Thanks to American ingenuity, petroleum 


and its many by-products are performing stu- 


pendous assignments on all battlefronts and 
in serving civilians at home. 


Today it is the privilege of this bank to - 
plan and to work closely with men in the 
petroleum industry. Our services are kept 
attuned to the changing pattern and expand- 
ing requirements of a greater petroleum in- 
dustry in the Southwest. 


First National Bank 
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@ Results. Much of our experience 
with the fluidized fixed bed has been jp 
catalytic cracking and hydrogen trans. 
fer. In these tests the. unit has heen 
used without any preheater. The cold oj] 
is pumped directly into the bottom of the 
unit and is preheated by hot catalyst, 
This causes the temperature in the cone 
to be considerably lower than the reg 
of the catalyst in the unit. This practice 
has advantages and disadvantages. For 
our purpose the advantages outweighed 
the disadvantages. 

A few of the results obtained with the 
unit are summarized in Table 2. Two 
cracking runs are given, one at 850° and 
the other at 950°F.; both were made 
with baffles in the reactor. In addition, 
a hydrogen transfer run on a gasoline 
obtained by catalytic cracking is given; 











TABLE 2 
Catalytic cracking and hydrogen trans. 
fer in fluidized fixed bed with 40-100 


mesh silica-alumina catalyst. 





Catalyst vol., cc........ 950 950 1020 
Catalyst wt., grams..... 593 593 5 
Charging stock type. ...Mid-continent gas oil Gasoline* 
| period, hr....... 0.5 Fe re 
Total time on test, hr... 96 16 36 
Wt. oil/hr./wt. catalyst. 0.51 1.00 0.52 


Pressure, lb./sq. in. abs. 14.7 - 14.7 14.7 
900 


Block temp., °F........ 850 950 
egeneration period, hr.. 2.17 2.67 2.67 
Yields in vol. % charge 
SS eee 46.1 {45 1 67.5 
See 3.2 ; 41 
| Se 14.6 21.6 { : 
eee 36.1 33.3 18.4 
Yields in wt. % charge 
37.8 {38.4 65.3 
3 {16 . 
16.0 23.3 . 
28.7 28.5 12.6 
14.3 9.8 5.3 
0.12 0.29 0.15 
0.63 1.05 0.70 
2.40 4.91 2.41 
8.74 9.09 4.31 
0.39 1.09 5.26 
0.95 1.92 0.50 
14.27 8.64 3.57 
1.23 1.45 0.68 
66.5 58.9 60.9 
ae tek 82.4 ae 
Bromine No........... 11 23 11 
Analysis, per cent d 
ane 6 14 6 
ee en 32 33 32 
Paraffinsandnaphthenes 62 53 62 


*Bromine No. 51. 








it was made without baffles in the reac- 
tor. These results are not given with the 
intention of comparing this method of 
contacting a solid with a vapor or gas 
with any other methods of contacting, 
but rather to demonstrate that useful re- 
sults can be obtained by this method. 


The fluidized fixed bed has certain 
desirable features that may be summar- 
ized as follows: (1) The catalyst (or 
solid) may be used in the form of @ 
powder. (2) Localized thermal effects 
in the catalyst bed are eliminated by the 
moving catalyst. (3) The catalyst may 
be used and regenerated in the same 
vessel. (4) In most cases no separate 
preheater is necessary. 


@ Literature. 


1. Murphree, E. V., Brown, C. L., Fischer, H. 6. 
M., Gohr, E. J., and Sweeney, W. J., Ind. 
Eng. Chem., 35, 768 (1948). 

2. Thomas, C. L., and Egloff, G., ‘“Temperature, 
Its Measurement and Control,” p. 617, New 
York, Reinhold Publishing Corp., “a “ 
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Petroleum Coke — Formation and Properties* 


By A. G. V. BERRY and R. EDGEWORTH-JOHNSTONE, Trinidad Leasehold, Ltd. 


Tue trend of modern cracking process- 
es is towards the use of distillate charg- 
ing stocks rather than residues. This 
raises the problem of disposing of heavy 
residues, both straight-run and cracked. 
There are two general methods by which 
such residues may be converted into sal- 
able products; one is the addition of hy- 
drogen, the other is the removal of car- 
bon. The hydrogenation of heavy resi- 
dues is a costly process which has not 
yet earned genuine profits in peacetime. 
Coking, on the other hand, is already a 
well-established refinery operation. 
Hence it appears that, in the immediate 
postwar period at any rate, the economic 
importance of coking processes in the 
petroleum industry will increase, and 
larger quantities of petroleum coke will 
come into the market. 

Compared with other solid fuels, pe- 
troleum coke has received relatively lit- 
tle study. Descriptions have been pub- 
lished of various coking processes and 
plants, but the emphasis has usually 
heen on the distillates. Mekler*°, Morrell 
and Egloff22, Stroud26, and others have 
given typical analyses of cokes from va- 
rious sources. Morrell and Egloff also 
give information on shatter strength, 
true density, cellular space, and the rela- 
tive effect of various solvents. 


The common meaning of the term 
“coke” is a cellular residue obtained by 
the pyrolysis of coal. In the petroleum 
industry the word denotes a product sim- 
ilarly derived from oil. Chemists de- 
scribe as coke any compact carbonaceous 
residue obtained by the destructive dis- 
tillation of organic compounds. For the 
purposes of this paper, coke will be de- 
fned as a solid infusible residue obtain- 
ed by the pyrolysis of+ organic com- 
pounds under conditions such that the 
residue passes through a plastic stage 
before becoming infusible. Coke in this 
sense can be prepared from a wide range 
of organic materials. The macrostructure 
of a coke does not depend upon the 
structure of the parent material, which 
is destroyed during the plastic stage, 
but upon the conditions under which 
pyrolysis is effected. 


It was formerly believed that coke con- 
sisted largely of “amorphous carbon” 
which was considered to be a separate 
allotrope. However, x-ray analysis has 
failed to reveal any such allotrope. On 
the contrary, it has shown that all forms 
of “amorphous” carbon, including car- 
bon black, give interference figures sim- 
ilar to those of graphite2-3.5,8—15, 24, 28, 
Cathode-ray diffraction studies*, chem- 
ical tests?4, and observations with the 
electron miscroscope!! combine to sup- 
port the view that coke consists of mi- 


*Presented before the American Chemical 
lety and published in Industrial and Engi- 
neering Chemistry, December, 1944. 


nute graphite crystallites surrounded by 
organic compounds of high molecular 
weight. Recent work by Riley and collab- 
orators suggests that the crystallites may 
consist, not of true graphite, but of 
“mesomorphous” transition states be- 
tween the parent compound and graph- 
ite. X-ray photographs are interpreted 
as revealing substances composed of 
hexagon lattice planes of carbon atoms 
spaced somewhat farther apart than in 
graphite and not oriented with respect 
to one another’. The existence of a sim- 
ilar structure in carbon black has been 
reported’®. 

The chemical reactions that form pe- 
troleum coke appear to consist in the 
conversion of nonaromatite portions of 
the original material to aromatics and 
the progressive condensation of the aro- 
matic nuclei to a more complex struc- 
ture. According to Tilicheyev’’, the 
cracking of paraffin hydrocarbons to 
coke may be represented by the follow- 
ing series: 

Paraffins ——> olefins ——> aromatics 
with side chains ——> condensed ring 
systems »—> asphaltenes —> carboids. 

The readiness with which a given hy- 
drocarbon forms coke depends upon its 
position in this series. A study of the 
carbonization of cellulose has shown that 
the formation of hexagon lattice planes 
of carbon atoms is appreciable at tem- 
peratures as low as 400°C.‘ 


From a physical standpoint, therefore, 
it appears that all cokes, including pe- 
troleum coke, are essentially disperse 
systems composed of minute crystallites 
embedded in a matrix of highly con- 
densed aromatic compounds. The crys- 
tallites consist of either graphite or close- 
ly related substances. Such crystallites 
have been reported to exist even in as- 
phalt?*. As carbonization proceeds, the 
crystallites grow at the expense of the 
matrix, which also loses volatile matter 
and changes in character. The hydrogen 
content of the system naturally decreases 
as the temperature rises’?. Above 1100° 
C. the hydrocarbon matrix has virtually 
disappeared®, but the crystallites con- 
tinue to grow at higher temperatures", 
and conversion to massive graphite is 
not complete below about 2500°C. Pe- 
troleum coke thus forms part of a con- 
tinuous series of disperse systems with 
asphalt at one end and pure graphite at 
the other. It comprises those members 
of the series that, on the one hand, do 
not soften on heating and, on the other, 
are poor conductors of electricity com- 
pared with graphite. 

The physical properties of a disperse 
system depend chiefly upon the proper- 
ties of the continuous phase or matrix. 
In petroleum coke the matrix is an in- 
fusible solid substance in which two 
main types of constituent may be recog- 
nized: asphaltenes, which are soluble 



























































TABLE 1 
Summary of results at three temperatures 
Analysis of coke residue (dry basis) _ 
Coleg F ane Cotte 0 —_ Sine ses 
period, of charge, rganic vola- ix Soly. in ee 

min. "G. tile matter, carbon, a C2HCls, Fr ay on 
per cent per cent ” | per cent F many 

Initial furnace temperature 450° C. 
15 . 420 42.7 56.8 0.5 97.9 87.0 0.611 
30 416 40.3 59.3 0.4 94.8 86.3 0.617 
45 422 34.2 65.5 0.3 83.0 80.0 0.666 
60 437 32.0 67.6 0.4 66.7 71.4 0.670 
120 468 10.5 88.9 0.6 7.5 23.4 0.643 
240 458 11.8 87.4 0.8 1.7 7.6 0.628 
360 470 7.4 91.7 0.9 Trace 2.8 0.654 

Initial furnace temperature 600° C. 
15 430 41.4 58.2 0.3 89.0 87.8 0.639 
30 432 36.0 63.7 0.3 77.8 69.7 0.673 
45 434 29.7 69.6 0.7 59.3 41.0 0.730 
60 430 28.0 71.8 0.2 53.5 37.5 0.698 
120 448 15.2 84.3 0.5 37.0 15.1 0.631 
240 508 7.4 91.8 0.8 5.6 3.2 0.688 
360 514 5.4 94.2 0.4 Trace 2.2 0.649 

Initial furnace temperature 800° C. 
15 452 20.0 79.4 0.6 42.5. 70.4 0.648 
30 576 8.5 89.6 1.9 8.3 4.2 0.571 
45 646 5.7 91.6 ey 4.4 5.5 0.585 
60 704 5.1 93.1 1.8 3.5 4.5 0.619 
90 751 3.6 94.6 1.8 1.2 2.8 0.670 
120 758 4.4 93.5 3.1 0.3 2.8 0.673 
180 800 2.8 95.2 2.0 0.4 2.1 0.706 
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in trichloroethylene, and carboids, which 
are not. On being heated, asphaltenes 
decompose into carboids and volatile 
matter without fusion’. Asphalt, on the 
other hand, contains asphaltic resins, 
oily constituents, and asphaltenes? *5, 
and these form a matrix that fuses well 
below the temperature at which it begins 
to decompose. The essential difference 
between petroleum coke and asphalt is 
that the former increases in carboid con- 
tent by pyrolysis without melting, where- 
as the latter always passes through the 
molten stage before the carboids are 
formed. 

Products formed at temperatures 
above 1100°C. contain practically no 
matrix material anc their properties are 
determined chiefly by the size of the 
crystallites”: ''. However, such products 
are outside the range of normal petro- 
leum cokes. 























FIG. 1. Effect of maximum 
temperature attained. 
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eS 
TABLE 2 
Ultimate analyses of residues obtained at initial furnace temperature 
of 890° C. 
| Analysis, per cent by weight ead | 
Coking period, : Empirical 
min. ( H 8 O & N (X) formula 
by difference 
0 84.3 6.2 1.77 7.2 ~—«| CreHesSenXs. 
15 86.3 4.8 1.86 7.0 CrooHer8o.s:Xes 
30 86.0 3.7 1.54 6.7 C€y90H528o.67Xs.1 
45 86.0 3.5 1.56 8.9 Cr00H 49So.60Xs.3 
60 91.4 3.4 1.48 3.7 C100 4sSo.c0Xs.3 
90 93.2 3.0 1.43 2.4 C100H39So.52eX2.1 
120 93.3 | 1.9 1.46 3.3 Ci00H 24S0.60X2.8 
180 95.9 1.3 1.35 1.4 CrooHsSe.s3X1.2 
@ Coking experiments. The following 
experiments were designed to throw light TABLE 3 
on certain practical problems connected Yields of products. 
with the production and utilization of l encorerggaa — 
petroleum coke. The main points of in- Coking | Coke |___ Distillate 
: ee : ‘oking : Jndetd., 
terest were the general mechanism of period, | Ber eent | percent | Sp. gr. | per cen 
the coking process and the relation be- min. ' by wt. * 60° F. | by wt.* 
tween some properties of the cokes pro- oe , sh 
duced. No great refinement was attempt- Initial furnace temperature 450° C. 
ed in the coking procedure, since it was aii: jmietaae Gamieray l ’ 
e__6 | 
not to be anticipated that laboratory re- a | 4 a ° 
sults would be quantitatively reproduci- 45 | 87 9 | aa 4 
ble on a large scale. In particular, the = | = 4 Yo 3 
temperature distribution throughout the 240 | 60 27 0. 887 13 
charge was not studied. Nevertheless, the ” - - | x 
results show certain definite trends. aaa iat ae Br z 
one ; és Initial furnace temperature 600° C. 
rhe starting material was an asphalt ———$$$____—— es 
obtained by vacuum distillation of resi- 15 | 96 4 A a 
duum from the thermal cracking of re- 30 87 11 | 60.871 2 
Juced crude. This asphalt had the fol o | i | 1 | 086 | 9 
ie crude. ihis asphalt had the fol- 60 78 13 eo 9 
aT ies: 120 7 20 0.8 10 
nip properties: 240 68 20 0 873 12 
Moisture Trace 360 65 21 0.874 14 
Organic volatile matter, % 45.0 —— 
Ash, % 0.2 Initial furnace temperature 800° C. 
Fixed carbon, % 54.8 mi rs ‘ ; pares | wi 
. of 20 ~ FPe 
Sulphur, % _ ; 18 30 53 30 «| 0.951 17 
Softening point (ring and 45 55 33 0.966 12 
b ll).°C¢ 125 60 54 32 0.966 14 
=—, 90 50 30 0.970 20 
Solubility in trichloro- fe S = = . 
ethylene, % 99.8 
Bulk density 0.653 *Includes water vapor, hydrocarbon gases and un- 
Fk riability number 86.5 condensed vapors, and loss. 


The bulk density was calculated from 
the weight of 10 cc. of 10-20 mesh ma- 
terial packed down by tapping the con- 
tainer. The friability test was designed 
to afford a comparative measure of the 
friability of small samples insufficient for 
the standard tumbler test. Ten cubic 
centimeters of 10-20 mesh material are 
weighed and transferred to+a 20-mesh 
gauze cylinder 3.3 cm. in diameter and 
14 cm. long, containing a loose steel rod 
0.5 cm. in diameter and 12.4 cm. long. 
The cylinder is revolved horizontally for 
500 revolutions at a rate of about 100 
r.p.m. The weight of material passing 
through the gauze cylinder, expressed as 
percentage of the original material, is 
termed “friability number.” 

In carrying out a coking experiment, 
300 grams of cracked asphalt were plac- 
ed in an iron pot still, 3 in. in diameter 
and 11] in. in height (internal dimen- 
sions). A pyrometer well extended 
through the center of the lid to within 
1.5 in. of the bottom of the still. The lid 
was also provided with a vapor outlet 
connected to a condenser and distillate 
receiver. The still was heated in an elec- 
tric resistance furnace. The furnace was 
heated to a predetermined temperature, 









































the still and charge were placed in the’ 
furnace, and the current was maintained 
at the same value throughout the experi- 
ment. After distillation had begun, the 
temperature of the charge was recorded 
every 15 min. At a predetermined time 
after the first signs of distillation, the 
still and contents were removed from 
the furnace and allowed to cool. The 
residue was removed, weighed, and an- 
alyzed. Bulk density and friability num- 
ber were determined as previously de- 
scribed. Organic volatile matter and ash 
were found by standard methods. Solu 
bility in trichloroethylene was determin- 
ed by extraction of 5 grams of powdered 
material in a Soxhlet apparatus. Twenty: 
one experiments were made at: furnace 
temperatures of 450°, 600°, and 800°C. 
The results are summarized in Table |. 

The residues obtained at 800°C. were 
submitted to elementary analysis by the 
method of Dennstedt®. The results, cal 
culated on an ash-free basis, are shown 
in Table 2. 

The yields of products obtained from 
each experiment are shown in Table 3. 
To give an approximate idea of the char- 
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acter of the liquid products, the total dis- 
tillates obtained from the later experi- 
ments at each furnace temperature were 
combined to yield sufficient material for 
analysis. The results are presented in 


Table 4. 


8 Discussion of results. In Fig. 1 the 
volatile content of all the coke samples 
is plotted against maximum temperature 
attained in the center of the charge. 
Lowry and collaborators found that, in 
the case of coal, the properties of the 
coke were determined principally by the 
maximum temperature attained. The 
time at that temperature was relatively 
unimportant 16. 17,18, This is not quite 
true of petroleum coke. There appears 
to be a tendency for material heated rap- 
idly to its maximum temperature to give 
a coke of higher volatile content than 
that obtained when the same material is 
raised to the same temperature more 
slowly. This holds despite the fact that 
inthe present experiments only the tem- 
perature at the center of the charge was 
measured, so that the average tempera- 
ture would have been higher in the more 
rapidly heated material. Evidently there 
is a general correspondence between 
maximum temperature and volatile con- 
tent. but the time factor is by no means 
negligible. This is perhaps to be expect- 
ed in view of the importance of time in 
the pyrolysis of liquid petroleum prod- 
ucts. 

Fig. 2 illustrates the relation between 
volatile content. and solubility in  tri- 
chloroethylene, bulk density, and fria- 
bility number. These curves, taken in 
conjunction with the general appear- 
ance and physical characteristics of the 
residues, suggest that the coking process 
can be considered as occurring in four 
stages. The stages are demarcated by 
shaded bands to indicate that the transi- 
tion from one stage to another is not 
sharply defined. 

It is convenient to give names to the 
types of residue that characterize the 
diferent stages: to avoid introducing 





TABLE 4 


Quality of distillates obtained at each furnace temperature. 





Initial furnace temperature, °C.. . 


Oil distillate 
Yield, per cent by weight 
Sp. gr. at 60° F... : 

Distillation of 100 ce. 
Initial ‘boiling point, °C..........- , fae 
Distillation up to 100° C., per cent by volume... .. 
Distillation from 100 to 150° C., per cent by volume. . 





Organic volatile matter in coke, per cent............... ; 


Distillation from 150 to 200° C., per cent by volume... . 
Distillation from 200 to 250° C., per cent by volume......... 


| | ar ad 

| 450 | 600 800 
9.6 | 6.4 | 3.6 

} 

25 | 20 } 31 
0.884 0.874 | 0.964 
90 99 132 
0.5 Trace Nil 
6.5 8.0 1.0 
14.0 14.0 8.5 
17.0 19.0 10. 








new words, suitable names have been 
adapted from existing terminology— 
namely, pitch, semipitch, asphaltic coke, 
carboid coke. For the purpose of the 
present study these substances are de- 
fined in terms of their solubility in tri- 
chloroethylene and behavior on heating: 

Stage 1. The original asphalt melts, 
then begins to decompose. Substantial 
proportions of carboids appear in the 
liquid residue, which increases in density 
but retains its friability when solid. The , 
type of residue characteristic of stage 1 
may conveniently be termed “pitch.” It 
is a fusible bituminous substance dis- 
tinguished from asphalt by containing 
carboids (matter insoluble in trichloro- 
ethylene ). 

Stage 2. When the residue reaches a 
volatile content of 30-34 per cent, it be- 
gins to grow plastic and intumesce. €ar- 
boids suddenly increase in amount, bulk 
density begins to diminish, and there is 
a sharp fall in friability number. The 
residue which typifies stage 2 may be 
called “semipitch.” It is distinguished 
from pitch by the ability to intumesce 
when heated without first melting to a 
liquid. 

Stage 3. When the volatile content of 
the residue falls to 18-22 per cent, in- 
tumescence ceases and the plastic mass 
hardens. Thereafter the residue becomes 
infusible and continues to lose volatile 
matter without further change of shape 
other than shrinkage. Solubility in tri- 
chloroethylene decreases rapidly and 





the Gasol was also washed out. 





en 


Octane number and peroxide content 


Dependence of Octane Number upon fhe Peroxide Content of Synthesis 
Gasoline. H. Velde. Oel u. Kohle 40, 10-15 (1944), Jan. 1. Chemisches 
Zentralblatt 115, 1351 (1944), Jun. 7/14. 


It has often been established that in the storage of synthesis gasoline the 
octane number falls in proportion to the rise in peroxide content. The author 
has investigated the different factors causing an ‘increase of the peroxide 
number. When samples were kept in clear and in dark flasks, the peroxide 
content increased strongly while exposed to light while in the brown flasks 
there was no increase. Storage in iron caused the peroxides to increase and 
the octane number to fall. Cresol and benzol had a strong inhibiting action. 
The addition of tetraethyl lead had a good effect in a galvanized iron vessel 
but in a vessel that was not galvanized the peroxide content increased, with 
decomposition of the tetraethyl lead. With an increase of oxygen of about 
200 mg. to the liter, the octane number was reduced about 14 units in stor- 
age in flasks, while in storage in iron vessels, with an increase of oxygen of 
about 460 mg./liter, 6 octane units were lost. When the peroxides were 
washed out with acid persulfate solution, the octane number was improved 
considerably but could not be brought to the original value. It may be sup- 
Posed that part of the gasoline was permanently changed and that part of 


—From Library Bulletin of Abstracts, Universal Oil Products Company. 
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bulk density remains fairly constant. 
The residue characteristic of stage 3 may 
be called “asphaltic coke,” from the 
fact that it still contains substantial pro- 
portions of asphaltenes (matter soluble 
in trichloroethylene). It is a black and 
somewhat friable substance, distinguish- 
ed from semipitch by being infusible and 
not intumescing when heated. 

Stage 4. When the volatile content 
reaches about 7 per cent the residue has 
become practically insoluble in trichlo- 
roethylene. It changes in appearance 
and properties, becoming dark gray in 
color and much less friable. Its bulk 
density also begins to increase rapidly. 
The residue characteristic of stage 4 
may. be termed “carboid coke.” It is 
distinguished from asphaltic coke by 
containing substantially no asphaltenes, 
as well as by its different appearance 
and greater mechanical strength. 

Logically the final stage or stages 
should cover the conversion of carboid 
coke to graphite, but this requires very 
high temperatures and is outside the 
scope of the present study. 

In terms of the intermediate sub- 
stances distinguished above, the coking 
process is represented by the following 
series: 

Asphalt »—> pitch>—> semipitch —> 

asphaltic coke ——> 
carboid coke (*—> graphite ) 
This series may be regarded as a mag- 
fied picture of the final step in the series 
of Tilicheyev**: 

“Asphaltenes —> carboids”. 

The members of the above series are 
chemically obscure mixtures defined 
solely in terms of their macrophysical 
properties. These properties depend pri- 
marily upon the nature of the matrix in 
which a greater or lesser proportion of 
graphite or graphite-like substance is 
dispersed. An important factor is the 
relation between softening point and 
temperature of decomposition. When the 
softening point is below the decomposi- 
tion temperature, the product is an 
asphalt or pitch. In semipitch the soft- 
ening point and decomposition tempera- 
ture are of the same order. When the 
decomposition temperature is below the 
softening point, the product is asphaltic 
or carboid coke. 

Commercial petroleum coke is far 
from being a homogeneous product, and 
a batch of coke from a single operation 
will generally yield portions correspond- 
ing in properties to two or more of the 
substances distinguished above. These 
substances may therefore be regarded 
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as the macro constituents of petroleum 
coke. They pass gradually from one to 
another, and there are no sharp boun- 
daries such as occur between the macro 
constituents of coal. Nevertheless the 
physical properties and commercial util- 
ity of a given petroleum coke will de- 
pend upon the relative proportions in 
which the above constituents are pres- 
ent. These proportions, in turn, depend 
upon the conditions of coking. 

Coke from the chambers of cracking 
and external coking units consist chiefly 
of asphaltic coke, the volatile content 
of which varies according to the part 
of the chambers in which it is formed. 
Coke deposited near the vapor outlet 
may contain considerable proportions of 
semipitch and even pitch, especially 
from cracking units engaged on resi- 
duum operation. Asphaltic coke has the 
disadvantage that it is friable and dirty 
to handle and gives rise to an excessive 
proportion of fines. It will sometimes 
disintegrate to dust merely on prolonged 
exposure to weather. Asphaltic coke 
tends to be unsatisfactory for burning 
in lump form in industrial furnaces. Its 
strength is insufficient to support a deep 
fuel bed, and consequently the lower 
layers become crushed and thus obstruct 
the draft. On the other hand, the fri- 
ability of asphaltic coke renders it par- 
ticularly suitable for pulverized fuel 
firing. 

Coke from batch coking stills consists 
chiefly of carboid coke, with some 
asphaltic coke from the upper part of 


the still. Knowles oven coke usually con- 
sists entirely of carboid coke. Such prod- 
ucts withstand handling and transport 
well, and are suitable for industrial fir- 
ing in lump form. They are also in de- 
mand for the production of electrodes 
and other forms of industrial carbon. 


In short, asphaltic coke and carboid 
coke are separate and distinct products, 
almost as different as coal and coal 
coke. Users of petroleum coke should 
bear this fact in mind and specify the 
type of product which best suits their 
purpose. The two types are distin- 
guished by their content of volatile mat- 
ter and asphaltenes. For example, a com- 
mercial grade of carboid coke might be 
required to have a volatile content be- 
low 7 per cent and contain less than 
3 per cent of material soluble in tri- 
chloroethylene. 
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Magnesium Anodes for Cathodic Protection 


Corrosion of pipelines and other buried metal structures 
may be greatly retarded by use of Magnesium Anodes. 
properly installed—taking into account variations in soil 
conditions, location and frequency of anodes—Magnesium 
Anodes can provide maximum protection with attractive 
cost advantages. Federated magnesium alloy anodes with 
cast-in iron lead wires are available in two shapes— 
4” diameter x 18" long—weight about 12# 
x 4%" x 3' long—weight about 404 


(Can be made in other shapes tosuit your requirements — write for furthes 
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In Tulsa, no other hotel offers so much 
for your money as The MAYO. Enjoy 
better living, fine food, and courteous 
service at Tulsa’s finest hotel. 
or write for reservations. 
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Vapor-Liquid Equilibrium Constants for Benzene, 


Toluene, and Methyleyclohexane* 


HARRY G. DRICKAMER, Pan American Refining Corporation 
JOHN R. BRADFORD, Texas Technological College 


V avor-Ligup equilibrium constants 
may be defined by the equation: 

K = y/x 
Where: 

y = mole fraction of a component 
in vapor phase 

x = mole fraction of a component 
in liquid phase 

From the fugacity rule of Lewis and 
Randall (5) for ideal solutions: 

xfp=yfy 

Where: 

f;, =fugacity of pure component in 
liquid phase at temperature and 
pressure of system 

fy =fugacity of pure component in 
vapor phase at temperature 
and pressure of system 

The fugacity of the vapor is available 
when the reduced temperature and pres- 
sure are known. 

The fugacity of a pure component in 
the liquid phase is equal to its fugacity 
in the vapor phase when the total pres- 
sure of the system equals the vapor pres- 
sure of the pure component at the temp- 
erature of the system. When the total 
pressure of the system is different from 
the vapor pressure of the pure compo- 





*Presented before the American Chemical So- 
ciety and published in Industrial and Engineer- 
ing Chemistry, December, 1944. 


nent, the fugacity of the liquid may be 
obtained from the following equation: 
fp 7 V ( Pp ~~ Fs) 


a 


fr, RT 
Where: 


fp = fugacity of pure component at 


temperature of system and va- 
por pressure of component cor- 
responding to this temperature 

f;, = fugacity of pure component in 
liquid phase at total pressure 
and temperature of system 

Pp = vapor pressure of pure com- 
ponent at temperature of sys- 
tem 

Py; = total pressure of system 

R = gas constant in consistent units 

V = liquid molal volume, cu. ft. per 
lb. mole > 


T = absolute temperature of system 


The vapor pressures and critical con- ° 


stants used for benzene and toluene 
were those ordinarily available?:7; the 
vapor pressures and critical constants 
for methylcyclohexane were. obtained 
from unpublished data '* and the 
fugacity data of Lewis and Luke® were 
checked and extended to lower reduced 
temperature from P-V-T data in Interna- 
tional Critical Tables°. 





These charts are rigorously applicable 
only where the solutions involved attain 
the characteristic of ideal solutions— 
ie., a solution of aromatics in aromatics 
or of naphthenes in naphthenes. It jg 
believed by the authors, however, that 
frequently these data will be helpful in 
calculations involving solutions that 
vary somewhat from the ideal, especially 
in the correlation of future data on non. 
ideal solutions. For instance, with suit. 
able experimental data, a correlation 
of ratio of actual to ideal K for aroma. 
tics vs. per cent paraffins in the aromatic 
solution might be developed. Other simi- 
lar correlations could be obtained for 
various other nonideal solutions. 


Literature cited 


1. Andres, D., Ph.D. dissertation, Univ. of 
Texas, 1942. 

2. International Critical Tables, Vol. III, pp, 
= New York, McGraw-Hill Book Co, 
1928. 

3. Ibid., Vol. III, pp. 244-7. 

. Kasch, J. E., private communication, 1942, 

5. Lewis, G. N., and Randall, Merle, ‘“Thermo- 
dynamics,” New York, McGraw-Hill Book 
Co., 1928. 

6. Lewis, W. K., and Luke, C. D., Ind. Eng. 
Chem., 25, 725 (1933). 

7. Perry, J. H., Chemical Engineers’ Handbook, 
pp. 377-89, 2nd ed., New York, McGraw-Hill 
Book Co., 1941. 

kk 


— 





FIG. 1 


BENZENE 


EQUILIBRIUM CONSTANT K= 


PRESSURE, 








FIG. 2 


TOLUENE, 


CONSTANT 


| | |PRESSURE, 


0.0 PER INCH 





FIG. 3 


METHYLC YCLOHEXANE 





CONSTANT K 


PER SQUARE INCH 








276 


THE PETROLEUM ENGINEER, Reference Annual, 1945 

















e, 


icable 
attain 
ions— 
natics 

It is 
, that 
ful in 
3 that 
cially 
n non. 
1 suit- 
lation 
roma- 
»matie 
r simi- 


2d for 


niv. of 
II, pp. 
ok Co. 


1942. 
‘hermo- 


ll Book 
d. Eng. 


ndbook, 
aw-Hill 


kk 














J 
/ 
al 
vA 


4 
vA 
J 
/ 
y 


————— 


TOWER BASE 
DRUM OUTLET 
CONVERTER INLET 


REBOILER 


MEM CONDENSER 
FEED HEATER 





fliminates. Manual Balancing 


The self-balancing Centralized Reading Indicator pic- 


tured above is as modern as jet propulsion. 


The operator merely touches the desired switch. The 


instrument does the rest, leaving his hands free to log 
readings. 


Time between readings is limited ONLY by human abil- 


ity to pick off a reading. Compare this time to that 
required to read an outmoded manual balance indi- 
cator, designed when shaving mugs were on every 
barber shop shelf. 





The Brown Centralized Reading Indicator is unique for 


other reasons, too. 


The electronic ‘‘Continuous Balance"’ principle delivers 
sensitivity previously unheard of. Fancy being able to 
read one part in twenty-four hundred! 






The ElectroniK is totally unaffected by vibration—mount 
it on a drill rig if it suits your purpose. 


The ElectroniK utilizes circular instead of reciprocating 
motion. Components move only when the scale is chang- 
ing position. Specify the Brown Precision Indicator for 
that post-war cracking unit. 


Specify it, too, for your present processes. Utilizing the 
same wiring and thermocouples, it readily replaces old- 


fashioned instrumentation. 


For information write THE BROWN INSTRUMENT COM- 
PANY, a division of Minneapolis-Honeywell Regulator 
Co., 4475 Wayne Avenue, Philadelphia, Pa. Offices in 
all principal cities. Toronto, Canada: 117 Peter Street— 
England: Wadsworth Road, Perivale, Middlesex—Stock- 
holm, Sweden: Nybrokajen 7. 
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INVENTION FOR INVASION 





ry\o THE average civilian—the man 
| on the street in thousands of Amer- 
ican cities and towns—little is known 
of the vital part played in the war by 
various inventions which have never 
shared the spotlight of front-page 
news with such dramatic developments 
as Radar, Superfortresses, LST Boats. 

\s an example of one of the un- 
heralded inventions which has played 
an extraordinary part in the war, is a 
simple device called “Victaulic Pipe 
Coupling.” It is an outstanding prod- 
uct of American ingenuity plus Ameri- 
can engineering and financial vision — 
combined to bring this amazingly im- 
portant device to a point where it has 
become a factor of definite necessity 
in the war effort. 

The Victaulic Coupling provides 
means of joining together pipes of any 
dimension. It consists simply of a nar- 
row metal housing, or collar, two 
small bolts and a self-sealinz, flexible 
rubber gasket positioned within the 
collar under great pressure. Yet, sim- 
ple as it is in design and operation, 


ss. ihe ing, a 
eats Rt See Pee 








US. pom Signal Corps Photo 
A manifold on the India-Burma-China 2,000 
mile pipeline, which uses Victaulic Couplings. 


ihe device constitutes the quickest and 
most easily adaptable method known 
of joining pipe. Today, millions of 
such couplings have been supplied to 
our Army, Navy and Allies. 

To appreciate the important part 
played in the war by this single inven- 
tion one has only to know that in 
North Africa, Italy, France, Burma 
and many of the Pacific Islands the 
Victaulic Coupling has been the solu- 
tion to the great problem of laying 
thousands of miles of four- and six-inch 
portable pipe lines that were vitally 
necessary to military invasion. 
Confronted by a question of how 
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PRPS 


to deliver quickly millions of gallons 
of gasoline and oil to airfields and mo- 
torized divisions operating hundreds 
of miles inland from available ports, 
our military authorities were given a 
demonstration and proof that gasoline 
pipes could be laid at the rate of 70 


miles or more per day over hills and - 


valleys, across rivers and even on lake 












¥ 


U.S. Army Signal Corps Photo 


_Even though bombed, a Victaulic-coupled pipee 


line can be repaired in a matter of minutes. 


bottoms. The device which made pos- 
sible this great contribution to victory 
enables land crews to join sections 
of metal pipe faster than an Army can 
march and do so with a knowledge 
that every joint will have a flexibility 
which will permit the line to be laid on 
the surface of the ground and follow 
the contours thereof without danger 
of fracture. 

The Army has said, “the Victaulic 
Coupling plays an important part in 
helping us to victory.” 

In hundreds of landing craft and 
other vessels of the United States Navy 
the Victaulic Pipe system has with- 
stood the exacting demands of sea- 





going service. Used on the piping sys. 
tem of literally hundreds of these ships 
which carry important war material to 
all points of the globe, Victaulic has 


‘become well known to the Maritime 


Commission while almost totally un- 
known to our civilian population. 

The great Kaiser ship building con- 
pany stated, “deliveries of Victaulic 
Couplings have enabled us to deliver 
three more carriers during 1943 than 
our contracts anticipated. ” 

During the dark days of the London 
blitz and subsequent attacks by robot 
bombs, many English cities were left 
without water and gas supplies. Thov- 
sands of Victaulic Couplings were 
rushed to England and used in joining 
temporary surface pipe lines to re- 
establish these vital utilities. A high 
official of the British Government has 
stated, “Victaulic Couplings should 
be given the George Cross for their 
major contribution during the Battle 
of Britain.” 

Here is inspiration indeed for the 
engineers, technicians and _ inventors 
of America, for here we find a prod- 
uct of American ingenuity modestly 
and without benefit of publicity or 
propaganda contributing immeasur- 
ably to the winning of the war. 





U.S. Army Signal Corps Photo 


Army Engineers wade through water of a jungle stream while constructing 
the India-China pipeline. 


Advertisement. 
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Postwar Uses of the War Emergency Pipe Lines 
for Petroleum Transportation* 


T. E. SWIGART, President, Shell Pipe Line Corporation 


Tur two War Emergency Pipe Lines 
were built by the United State Gov- 
ernment to meet the serious transpor- 
tation shortage caused by the diver- 
sion of the tanker fleet from the Gulf 
to East Coast run. The estimated 
$140,000.000 cost of these pipe lines 
approximates that of two battleships; 
however. because the lines have been 
so widely publicized as national de- 
fense measures, and further because 
their utility is so closely linked with 
the daily convenience and welfare of 
the civilian population, their impor- 
tance in the public mind is probably 
magnified beyond that of two ships 
of the line. Thus, there may be strong 
demand by the public, Congress, and 
the executive branch of the Govern- 
ment to maintain these lines in oper- 
ating conditions after the war. 
Probably the simplest means of main- 
taining them in good condition is to con- 
tinue them in operation. In keeping with 
American principles of private enter- 
prise, it will be desirable if they can be 





TABLE 1 
Estimated postwar petroleum supply 
‘and demand of PAW District 1. 


Thousands of barrels daily. 


1945 | | 1946 | 1947 | 1948 

Demand:* 

Local crude and age 
,, ucts ied 1314 | 1450 | 1614 | 1730 
Supply: 

Local production of 

crude and natural. . . 73 70 67 64 
Crude from District 2. . 63 63 63 63 
Crude from District 3. 560 562 522 242 
Crude from foreign 

NN cies ocin bn atye series | 43 | 325 


Total raw materials for | 
District 1 refinery j 
| SSR 696 | 695 | 695 | 694 
Imports of finished 
products from Dis- 


trict 3. .| 618 755 870 986 
Products from foreign 

a ores } 49 50 
Total supply..........| 1314 | 1450 | ~1614 | 1730 


-*The se demand figures ‘represent estimated domestic 
demand in District 1 plus exports of products to other 
districts and exports of lubricating oils only. to foreign 
countries. No provision has been made for rebuilding 
District 1 stocks to a satisfactory level during the early 
Postwar period. 











shown to have a place in the economic 
life of the country and can be operated 
by industry. 

The most obvious use for the lines 
would be the movement of crude and 
products from Texas to the East Coast; 
for this business they will have to com. 
pete with tankers. Their location enables 


*Presented before the American Institute of 
Mining and Metallurgical Engineers, New York, 

February, 1944. Published in Petroleum Technol- 
ogy, September, 1944. 


them also to handle movements into Dis- 
trict 2. for which business they must 
compete with existing privately owned 
pipe lines and with barges. This paper 
attempts to analyze economic factors 
that bear on the use of these two big lines 
in the postwar period and to develop 
through estimates the competition they 
may offer to other forms of transporta- 
tion. 

The writer has purposely refrained 
from making recommendations as to the 
utilization of the War Emergency lines 
for petroleum transportation because it 
seems likely that prospective purchasers 
would be one or more operating oil com- 
panies, each of which would analyze the 
utilization of the lines in light of its own 
business requirements. It is doubtful 
whether the lines would be acquired by 
a non-petroleum financial group for op- 
eration as commercial carriers because 
interstate common carriers are pro- 
hibited from contracting to furnish serv- 
ices to shippers, a restriction that im- 
plies that carriers, in turn, cannot ex- 
pect to obtain guarantees of traffic from 
independent shippers in great enough 
volume to ensure return of their invest- 
ments. 

The possibility of converting these 
lines to carriers of natural gas has been 
frequently mentioned, but such usage is 
not discussed in this paper because it 





TABLE 2 
Estimated postwar petroleum supply 
and demand of PAW District 2. 


Thousands of barrels daily. 


1945 | 1946 | 1947 | 1948 

Demand :* 

Local crude and wn 

ee ; 1057 | 1178 | 1253 | 1317 
Supply: 

Local production of | 

crude and natural...| 850 | 780 | 740 | 720 
Imports: } | | 
Crude from District 4. 20 20 20 20 
Crude and natural 

from District 3.......| 255 | 446 | 561 | 645 
Total new supply of | 

raw materials........| 1125 | 1246 | 1321 | 1385 
Less: 
Exports to District 1..| 63 | 63 63 | 63 
Exports to Canada... 50; 50; 50; 50 


Total available for Dis- | 
trict 2 refinery runs...) 1012 | 1133 | 1208 | 1272 


Supply deficiency to | 
be met by imports 
through products pipe 
lines from District 3. . 45) 45 | 45 45 

Total supply..........| | 1087 | 1178 | | 1253 | 1317 


*These demand figures represent estimated domestic 
demand only. No provision has been made for rebuild- 
ing District 2 —_ to a satisfactory level during the 
early postwar period 


trict 2 








is analyzed in a paper by Sidney A. 
Swensrud.! 

The use of the terms “District 1,” “Dis- 
.” and “District 3” in this paper 
should be interpreted as meaning dis- 
tricts of the United States as defined by 
the Petroleum Administrator for War. 


@ Petroleum demand, supply, and 
movements. If private industry is to in- 
vest the large sums of capital necessary 
to purchase the War Emergency pipe 
lines, and is to accept the business risks 
incident to their postwar operation as 
petroleum carriers, the project will be 
undertaken after a sound statistical and 
economic study of postwar conditions. 

Forecasts of demand and supply of 
petroleum currently issued by govern- 
ment agencies or industry committees 
cover periods of not more than one year 
in advance, and they are predicated on 
continuing war. It has been necessary for 
the writer, therefore, to prepare demand 
and supply estimates for PAW Districts 
1], 2. and 3 for several years in order to 
forecast the volume of postwar business 
available to the War Emergency lines. 
These estimates, which appear as Tables 
1, 2, and 3, are little more than illus- 
trations of the method of attack. The de- 
mand figures, for example, are based on 
certain assumptions with regard to the 
duration of the war, postwar production 
of commodities, national income levels, 
rate of reconversion from coal to oil, and 
so on and they are obviously subject to 





1S. A. Swensrud: A Study of the Possibility of 
Converting the Large-diameter War Emergency 
Pipe Lines to Natural Gas Service after the 
War. AIME Contribution No. 135. 





TABLE 3 
Estimated postwar petroleum supply 


and demand of PAW district 3. 


Thousands of barrels daily. 


1945 | 1946 | 1947 | 1948 


Local erude and | aa 


ucts demand. . 522 | 551 602 | 642 
Plus: 
Exports of crude to 

District 1..... .| 560 | 562 | 522) 242 
Exports of produc ts to 

District 1...... 618 755 | 870) 986 
Exports of crude to 

District 2...... 255 446 = 5561 645 


Exports of products 

to District 2 via 

products pipe lines 45 45 45 45 
Total crude and prod- 

ucts demand. .| 2000 | 2359 | 2600 | 2560 
District 3 crude and | 
natural productibility*| 2730 | 2680 | 2600 | 2560 


Theoretical excess aed 
ducibility . . .| 730) 321 0 0 


*Includes natural gasoline 4 follows: 1945—150; 
1946—165; 1947—175; 1948— 
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abnormal margins of estimating error. 
Prospective purchasers for one or both 
lines for postwar operation no doubt 
will make independent and thorough 
analyses of postwar petroleum econom- 
ics—extending them through a reason- 
able payout period. 

For the purpose of this study, it was 
necessary to break down national de- 
mand and supply estimates into district’ 
figures; also, it was necessary arbitrarily 
to devise a coordinated inter-district op- 
erating program. Other programs could 
be proposed—perhaps as logically as the 
one developed and used as the basis of 
this paper, but the writer believes this 
program follows a reasonable pattern. 

The demand estimates in Tables 1, 2, 
and 3 assume that the European war will 
terminate in 1944 and the Pacific war 
in 1945, and that the period 1945-1948 
will witness a return to peacetime petro- 
leum demands no longer swollen by war. 
Thus, consideration was given to such 
factors as abandoning of rationing in the 
second half of 1945, some 6,000,000 
fewer cars on the road in 1945 than in 
the pre-war period, the eventual re- 
sumption of normal trends in the con- 
sumption of motor fuel, possible de- 
mands for aviation fuels, increased de- 
mands for distillate fuels for both heat- 
ing and diesel purposes, and expected 
demands for lubricating oils and resid- 
ual fuels. 

The estimates of crude supply used 
in this paper assume that only 750,000,- 
000 bbl. per year of new oil will be 
found in the United States. Actually, 
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over a period of several years much 
more may be found, but as there is no 
quantitative yardstick that can be ap- 
plied in making estimates of oil discov- 
eries, this conservative figure has been 
used. Table 3 indicates that the crude 
producibility of District 3 should be 
great enough to supply all crude needed 
by District 3 refineries plus amounts 
necessary to meet deficits in the crude 
requirements of refineries in Districts 
1 and 2 through 1946. After that, esti- 
mated production decline in all three 
producing districts, together with in- 
creased demands, will necessitate im- 
portations of foreign crude in amounts 
of 43,000 and 325,000 bbl. per day for 
1947 and 1948, respectively. It has been 
assumed that crude production of Dis- 
trict 3 will be utilized first, for District 
3 refineries; secondly, for export to Dis- 
trict 2; and thirdly, for export to Dis- 
trict 1. If insufficient domestic crude is 
available for District 1, as is indicated 
for the years 1947 and 1948, it is as- 
sumed that the remainder will be im- 
ported by tankers directly to District 1. 

For the period under consideration 
the estimated refinery runs in each PAW 
district can be realized upon completion 
of present refinery construction. It is 
recognized that economic factors may re- 
sult in addition to, retirements of, and 
alterations in plants but these cannot be 
forecast at this time. 

For purposes of this study it is as- 
sumed that District 1 refinery runs will 
remain at a constant level of almost 
700,000 bbl. per day through 1948 and 


that the balance of demand will be met 
by products movements from District 3, 
which are estimated to increase from 
618,000 bbl. per day in 1945 to 986,000 
bbl. per day in 1948. 

District 2 will depend more and more 
on District 3 or foreign sources for 
crude to supply the growing require- 
ments of its refineries. Except for small 
amounts to Canada from District 2, no 
allowances have been made for possible 
exports of petroleum from the United 
States, because it is believed that the 
United States will ultimately become an 
importer of crude and products. 

The estimates, which are recast in 
Tables 4 and 5, indicate statistically the 
petroleum transportation business that 
the War Emergency lines might seek. 
Table 4 indicates that although crude 
movements from District 3 to District 
1 may decline from 560,000 to 242,000 
bbl. per day by 1948, products move- 
ments potentially available for the War 
Emergency Lines (excluding probable 
movements through existing lines) 
should increase from 434,000 to 640,000 
bbl. per day between 1945 and 1948. 
Inasmuch as one or both of the lines can 
be adapted to the transportation of crude 
or products, including heating oil, it 
is seen that during the four years 1949- 
1948 enough total crude and products 
business will be available between Dis- 
tricts 3 and 1 to load both lines almost 
twice over. 

Table 5 indicates that for the period 
of the estimates there will be a demand 
in District 2 for 45,000 bbl. per day of 
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products from District 3. Existing prod- 
ucts pipe lines can handle almost twice 
this amount. 

The capacities of existing crude lines 
will be enough to accommodate ‘all ex- 

cted crude movements through 1946 
hut as crude deficiencies in District 2 
of 100,000 bbl. a day in 1947 and 184,000 
bbl. a day in 1948 are indicated, it is evi- 
dent that enough business will be avail- 
able to lend encouragement to the War 
Emergency lines. The estimates do not 
extend beyond 1948 but there is every 
reason to expect increased importations 
of petroleum from District 3 or foreign 
felds into District 2 as time goes on be- 
cause it now appears that District 2’s 
production will decline and its consump- 
tion increase. 


@ Description of lines. The routes of 
the two War Emergency pipe lines are 
shown in Fig. 1. The 24-in. crude line 
originates at Longview, Texas, and the 
90-in. products line at Beaumont, Texas. 
The two lines are laid on the same right- 
of-way from Little Rock, Arkansas, to 
New York. The crude and products 
pump stations, though separate, adjoin, 
and in effect occupy the same station 
sites. 

24-In. line. The 24-in. crude line com- 
prises 1253 miles of 24-in. pipe from 
Longview to Phoenixville, Pennsylvania, 
and 88 miles of 20-in. pipe from Phoe- 
nixville to Linden “Terminal” (Bay- 
way), New Jersey. The system also in- 
cludes 123 miles of 6, 10, 14, 20 and 
24-in. pipe in the gathering and deliv- 
ery lines. The line-fill of the main system 
from Longview to Bayway is 3,638,000 
bbl., and that of the gathering and de- 
livery lines 144,000 bbl. 

Each of the 26 main-line pump stations 
consists of three pumping units operated 
in series. The units are single-stage, 
double-suction centrifugal pumps direct- 
connected to 1500-hp. 2300-volt induc- 
tion motors. The rated capacity of the 
line on East Texas grade crude is 300,- 
000 bb]. per day, and in January 1944, 
at a pump station pressure of 700 lb. 
per sq. in., the line actually delivered 
an average of 304,000 bbl. per day. 

20-In line. The 20-in. products line 
comprises 1475 miles of 20-in. pipe from 
Beaumont to Bayway, New Jersey, with 
a 16-in. connection extending 62 miles 
from Baytown, Texas. Feeder and dis- 
tribution lines of 6, 10, 12, and 16-in. 
pipe total an additional 111 miles. The 
line-fill of the main system is 2,914,000 
bbl. and that of the feeder and distri- 
bution lines 70,000 bbl. 

The pump stations are similar to 
those on the 24-in. line in that each sta- 
tion consists of three units operated in 
series. Each unit is composed of a single- 
stage centrifugal pump direct-connected 
to a 1250-hp. 2300-v. induction motor. 

The present system is a workable 
products pipe line if extremely long ten- 
ders of each product are to be trans- 
ported. It is believed, however, that 
certain features, such as meters, must 
be added if the line is to handle small 
tenders. 

The capacity of the 20-in. line will 
vary greatly with the station operating 





TABLE 4 
Summary of estimated crude and 
products movement from District 3 
, to District 1. 


Thousands of barrels daily. 








1945 | 1946 | 1947 | 1948 
Crude exports from Dis- 
trict 3 to District 1.. 560 | 562 | 522] 242 
Less capacity of exist- 
ing pipe lines, except 
W.E.P.L. 24-in.* 


Crude movements 
available for War 
Emergency pipe lines 
or tankers.......... 560 | 562 | 522 | 242 
Products exports from 
District 3 to District 1.| 618 | 755 | 870] 986 
Less products not 
movable by pipe linet} 142 145 | 254) 304 


476 | 610 | 616] 682 
Less capacity of ex- 
isting lines (Planta- 
tion) except WEPL 
_ k ane 42 42 42 42 





Products movements | 
available for War} 
Emergency pipe Imes} 


or tankers.......... | 568 | 574 640 


Total crude and prod- | 
ucts business available | 
for War Emergency 
pipe lines, tankers and 
WSS iickatsaxeas 994 | 1130 | 1096 | 882 














*About 63,000 bbl. per day of crude normally moves 
by pipe line and tank car into District 1 and is carried 
as exports from District 2. 

tIncludes residuals, lubricating oils, special oils, wax 
= asphalt which cannot be batched through pipe 
ines. 

tAssumes Plantation operates at normal peace-time 
rate of 60,000 bbl. per day from Baton Rouge and 
drops off 18,000 bbl. per day in Districts 3 and 2. 





TABLE 5 
Summary of estimated crude and 
products movement from District 3 


to District 2. 
Thousands of barrels daily. 





| 1945 | 1946 | 1947 | 1948 
Crude exports from Dis- 
trict 3 to District 2...| 255 | 446 | 561 | 645 
Less capacity of exist- 
ing crude lines, except 
WEPL 24-in.*...... 461 | 461 


461 |} 461 





Crude movements 
available for War 
Emergency pipe lines. 100 | 184 
Products exports from 
District 3 to District 2 45 45 45 45 
Less capacity of exist- 
ing products lines ex-| 
cept WEPL 20-in.... 45 45 45 45 





Products movements 
available for War| 
Emergency pipe lines. 





Total crude and prod- | 

ucts business available | 

for War Emergency | 

pipe lines and barges. 

| 

*Capacity of Stanolind 16-in. line included at 115,000 
bbl. per day; initial capacity is 65,000 bbl. per day but 
can be increased to 115,000 bbl. per day by addition 
of 10 pump stations. 





100 | 184 

















TABLE 6 
Capacity of 20-in. line. 





Estimated 20-in. line capacity 


Maximum 
station ____ bbl. per day _ 
operating | 
Gaso- | Kero- | No.2 jE. Texas 


| 
pressure, i é ‘ 
lb. per sq. in. line* | sine | fueloil*| crude 





185,000 | 163,000 | 150,000 | 137,000 


w+} 500 | 
me 600 205,000 | 180,000 | 165,000 | 154,000 
8,700 





225,000 | a 180,000 | 170,000 
B *Capacities with all pur stations operating as cal- 


1 
culated by the Temporary Joint Pipe Line Engineering 
Subcommittee. 








THE PETROLEUM ENGINEER, Reference Annual, 1945 





pressure and the quality (viscosity) of 
product being pumped. This is illus- 
trated in Table 6. 


A number of split joints developed 
while this line was being tested prepara- 
tory to initial operation. The line origi- 
nally was designed for 800 Ib. test pres- 
sure and 750 lb. operating pressure, but 
because of the many line breaks and the 
extreme need to relieve the shortage of 
transportation during the winter of 1943- 
44, the test pressure was finally reduced 
to 750 lb. and the line was placed in 
operation at a maximum station pressure 
of 700 lb. 


Cost estimates in a later section of 
this paper have been prepared for rates 
of throughput including the theoretical 
maximum capacity of 235,000 bbl. per 
day. This maximum rate can be real- 
ized only by pumping gasoline at a pres- 
sure of 750 lb. per sq. in. In actual op- 
eration, it is most likely that the line will 
operate at about 600 lb. per sq. in. and 
will transport batches of gasoline, kero- 
sine, and No. 2 heating oil, which will 
limit its capacity to about 165,000 bbl. 
per day if the heavier products are to be 
moved. In any event, the line cannot be 
regarded as a first-class pipe line in its 
present condition, and either the Gov- 
ernment must expect to retest and re- 
place defective pipe or it will have to 
sell the line at a substantial discount. 
No operator will be justified in attempt- 
ing operations at the original design 
pressure. 

Storage. The tankage at the Long- 
view, Baytown, Beaumont, Phoenixville, 
and Linden stations is shown in Table 7. 


@ Batching and products contamina- 
tion. 24-/n. line. During 1943 the War 
Emergency 24-in. line delivered more 
than 71,000,000 bbl. of petroleum to ter- 
minals at Enfield, Illinois; Philadelphia, 
and New York. Prior to June it moved 
only East Texas crude, but from June 
through December it handled three 
grades, as follows: 


Barrels 

East Texas (including Gulf 
Coast) _. 31,375,184 
Southwest Texas _ §,853,397 
West Texas 15,821,495 
Total - 53,050,076 


Batches varied from 150,000 to 450,- 
000 bbl. In cutting between them, a to- 
tal of 21,097 bbl. of East Texas and 4,103 
bbl. of Southwest Texas, or a total of 
25,200 bbl., was degraded into West 
Texas (sour) crude. Only 317 bbl. of 
West Texas crude was upgraded into 
East Texas crude. The percentage of 
degrading was almost negligible in 
quantity and value. 

Although some experience was gained 
in batching crudes through the 24-in. 
line, the operating organization did not 
gather such detailed data as the length 
of contaminated batch heads, varying 
degrees of contamination of the head, 
the effect of velocity on contamination, 
and other data, which would be useful 
in controlling small batches of crudes or 


(Continued on Page 284) 
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* * OUR PLEDGE MAINTAINED x x 


On October 2, 1939, we announced the policy of “‘no increase in sell- 
ing prices’. A progress report made October 2, 1941, showed we 
actually had reduced prices by more than 6% during the period 1939 
to 1941. 


We have adhered to this policy of price reduction throughout the 
war years. Despite general increases in the costs of labor, materials and 
distribution . . . and despite governmental regulations . . . we have 
been able to maintain or reduce our prices throughout the entire period 


from 1939 to date. 


This has been made possible by our incentive system . . . a method 
which, if it had been applied throughout industry, would have doubled 
America’s output of war goods for a quicker Victory and would have 


cut the cost of the war by 50%. 


America’s future depends largely upon her efficiency of production. 
Our proved incentive system has in it the seeds of a satisfactory answer 


to the difficulties of this nature in industry. 


ie THE LINCOLN ELECTRIC COMPANY 


Cleveland 1, Ohio 
May 7, 1945 
Victory in Europe Va 


President 
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TABLE 7 TABLE 8 he 
Capacity of storage tanks. Permissible contamination. * 000 « 
— — a eo kg ee ee ee 7 4. 
Number | Size, Total Permissible bateh — 
Terminal of tanks | bbl. “i. Service | Line served re oe this | 
ob. | — ee li 
eee amend [a So ae eeeae ee —————— Sequence of products in line que 
Baytown, Texas... .. ; ape oe 12 55,000 660,000 | Products | 16-in. feeder From To orc 
Beaumont, Texas...... Recor 54,000 1,100,000 | Products | 20-in. roduct uct bran 
Longview, Texas........... , - 16 80,000 1,280,000 | Crude | 24-in. eading bilo, 
Norris City, Illinois..... . 15 80,000 1,200,000 | Crude or products | 24 or 20-in. —— mecca It 
Marietta, Pennsylvania... . ae 000 220,000 | Products | 20-in. 1. Housebrand gasoline... .... 1] 
Phoenixville, Pennsylvania eed 15 ,000 1,200,000 | Crude | 20 or 24-in. 2. To premium gasoline. ..... 2.5 2.5 will 
Linden......... - Rosh 4 000 320,000 | Crude 24-in. 3. To housebrand gasoline... . 5 1 te ju 
Linden nes oe 7 000 560,000 | Products | 20-in. 4. To third-grade gasoline. .. . 5 2 
Pere Oreo! ae aioe aan, Meine eo aaa 0.2 | 0. oper: 
“or . 1+0.2 
Total 6,540,000 | | 6. To distillate fuel oil. 5 5 the | 
| i Ne aa — a 0.2 from 
. To housebrand gaso me 
i Hobe Kerodel 1 9 | 8 | Eons 
: r P ; . To disti uel ol...... 5 A 
(Continued from Page 281) cept for degree and magnitude, they 11. 2 buffer kerosine........ 0 0 mina 
products should that line eventually be = should be no different from those in So hie...§ 8 2 frequ 
converted to a products line. other long products lines, such as Plan- “Gena: Seeeinadasadinn headin ee desir 
Inter-batch contamination between tation. upgraded to the extent of 5 per cent of premium-grade freqt 
crudes is not so important as that be- The size, length, and cubical content age ae it, and degraded by not more ence 
; i ‘ per cent of third-grade gasoline following it. that | 
tween refined products because contami- of the 20-in. line are such that under tAssumes kerosine not available for full size batch, . 
nation and degrading, except of very spe- any acceptable batch cycle the line at In running kerosine buffer batch, no effort is made to | J pect 
if j ie ; ae : 3 ° save kerosine as such, and buffer is used only to mini- heir 
cial crudes, does not cause important all times will contain one or more mize the adverse effect of gasoline in fuel oil or fuel oil ' 
losses. Both War Emergency lines prob- batches of all products regularly trans- in gasoline. prefe 
ably can handle satisfactorily all crudes ported. This means that the throughput proa 
that shippers are likely to tender. Any will be limited to the capacity of the line 7 
ane ° . . : Hy . er = — ° . es 0 t 
ee ct tr on "pron ~— oe bey _ —— lable 9 illustrates the multiplicity of rt 
' —— ing branded products of sev- ~ . a le a — = e or “ la products that may be handled in the 20- a 
— ail ay ee ee ee in. line in a reasonable batch cycle, using h | 
20-In. Line. The expectation that in- erating pressure and contains one or existing tankage at originating stations |"! 
dustry will revert to the custom of ship- more batches of No. 2 heating oil, its and operating the line at its probable ca. | ° * 
ping branded products after the war daily throughput should be about 165,- waite of 0 bb For 
raises a number of important problems 000 bbl paciy ot TARee SR, pee Gay. five-¢ 
in the operation of the 20-in. line but, ex- Minimum contamination in a products If iii a quality of prod. tical, 
; _ line requires that the line be operated as —UCtS Available tor shipment, experience | dled. 
Sa oso a “closed system,” that it be provided dictates that the products should be ship- these 
with controls to synchronize. pumping Ped in rotation, starting with the one of J sist 
rates at various stations over the permis- lowest viscosity, followed by those of J the s 
sible range of throughputs, and finally, successively higher viscosities until the J acco 
that operating flow rates be in the “upper most viscous product is reached, after J mig 
turbulent” range. which they should be tapered back As 
Much information and experience on through reverse steps to the one of lowest J pum 
products shipments and tender contami- viscosity. feed 
nation is available from existing indus- The column headed “Total” in Table pate! 
try pipe lines of 6, 8. 10, and 12-in. sizes, 9 represents present estimates of prac oy 
but no data are available on batch con- tical batch volumes for various grades of | +” 
tamination in lines above 12-in. Shell’s products, assuming that the rotation of hanc 
° . ' < me Sil rei tone 
mace ng wa wing svaable prods ofthe general ode hom. | ie 
nal ; These volumes should not be regarded as J jh, 
tory data, has estimated by extrapolation oe P i | 
sp ree 2 : minimum because extrapolation of avail J poc¢ 
that minimum contamination will occur ble dat in dae seaible mink poss 
in the 20-in. line when it operates at full Ms os — oP h ao iderably pers 
capacity, and that contamination will be- pine pe es might be aM ms hanc 
come serious if the daily flow rate is re- sma ler than those indicated. ae tend 
duced below about 120,000 bbl. if, for example, one grade oc oe 5 the 
Permissible percentage contamination — - —— by 7 pe ‘in ‘he ™ 
©. k. smith | a8 between grades varies with different 9 MT¢ grade or brand of gasoline, he E 
Managing companies. Table 8 represents present inter-batch contamination between prot} quai 
sain practice of several important products _ ucts of like viscosity is small enone om 
pipe line operators, and for sake of illus- the individual quantities of each co hece 
tration shows variations in percentages possibly be one half or even less of the J mon 
in a typical scheme of-products rotation.- | amounts indicated. Thus, three brands ; f 
ng 
80 C 
C 
a TABLE 9 bilit 
Typical batch cycle for 20-in. line. 
PIPE. LINE CONSTRUCTION aa = “ow “a 
COMPRESSORS WELDERS | to Baytown | From Beaumont Total | Days ine 
DITCHERS _ TRUCKS poe | | | Pumping the 
DOZERS | Bbl. Tanks | Bbl. | Tanks Bbl. proc 
see oerinn : 75,000 2 : —— : — ‘= fron 
ee ee | 90, 100, J d 
CONTRACTING To Reaniooad MER ori occ ea cn | 80,000 | 2 105,000 3 185,000 0.98 poir 
COMPANY = —— 7 SR ore ere yn } : pan ; By 4 °¢ take 
RS es oes dy nceriscemnle eae J Y J . 
ODESSA,TEXAS To distillate fuel oil..........0.........-.. | 50,000 1 92,000 2 142,000 0.75 hele 
To kerosine buffer................ _...| 10,000 0 0 0 0.08 for 
MAIN BUSI leans wes Salas 
FORT WORTH NATIONAL BANK BLDG. apne 2 aaa | 10 14 | 930,000 | 6.07 Oth 
FORT WORTH z, TEXAS anks aval _PwreTeTeCeRereT | by 
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of housebrand gasoline might be com- 
hined to make up one tender of, say, 250,- 
000 or 300,000 bbl., thereby greatly in- 
creasing the flexibility of the line. In 
this case. the limiting factors might be 
quality contamination as between grades, 
or color contamination as between 
brands. 

It is not likely that a single shipper 
will have enough transportation business 
te justify his purchase of the line and its 
operation for his own account; therefore, 
the line if operated will seek business 
from a number of shippers. Because of 
constant refinery output and limited ter- 
minal facilities, each shipper will desire 
frequent shipments. This emphasizes the 
desirability of a short batch cycle and 
frequent rotation of products. Experi- 
ence with other products lines suggests 
that operators of the 20-in. line may ex- 
pect to be under constant pressure from 
their customers to give their shipments 
preference, therefore the nearer the ap- 
proach to a “package goods” business, 
the more satisfactory will be operation 
of the line. 


The frequency of shipments naturally 
will depend on the number of products, 
the practical minimum volume of batch- 
es, and the throughput rate of the line. 
For example, Table 9 shows that if a 
five-day tender cycle is considered prac- 
tical, five basic products could be han- 
dled. Considering, however, that each of 
these basic products tenders might con- 
sist of two or three branded products of 
the same grade, the number of shippers 
accommodated on a five-day batch cycle 
might total ten or fifteen. 


Assuming that individual refiners could 
pump into the terminals through the 
feeder lines concurrently with the dis- 
patching of their products through the 
main line, the tankage at the Beaumont 
and Baytown terminals is adequate to 
handle business of the character men- 
tioned. At Linden (New York) only 
seven 80.000-bbl. tanks are available to 
the products line. At this time it is im- 
possible to forecast the number of ship- 
pers and grades of products that will be 
handled, but if several shippers should 
tender several grades, it is likely that 
the Linden tank farm will not be ade- 
quate. 

Even if existing tankage proves ade- 
quate for handling several products of 
a number of shippers, meters will be 
necessary both at the Baytown and Beau- 
mont terminals and at any take-off points 
to facilitate the precise timing and cut- 
ting of tenders, which is necessary under 
80 complicated an operation. 


Contamination may limit the practica- 
bility of using the 20-in. as a products 
line into District 2. For example, if the 
line were operated from Beaumont at 
the rate of 165.000 bbl. per day and 
products were progressively dropped off 
from points in Arkansas eastward, a 
Point would be reached at which the 
take-off would reduce the rate of flow 
below the permissible 120,000-bbl. rate 
for minimum inter-batch contamination. 
ther products lines meet this problem 
Y successive reductions in diameter, 





thus maintaining satistactory rates of 
flow. The 20-in., being a line of constant 
size, might have to deliver to a central 
terminal such as Norris City and employ 
other means of distribution from that 
point. 


@ Pipe line operating costs and prof- 
its. Because of the large investment re- 
quired to purchase either or both of the 
War Emergency lines, as well as the 
practical difficulties to a single existing 
common carrier corporation in securing 
enough shippers’ business to fill either 
of them, the writer has assumed, in esti- 
mating operating costs and profits, that 
acquisition of the War Emergency lines 
for postwar operation will be made by a 





new and separately financed common 
carrier corporation. Thus, the cost esti- 
mates in Tables 11 to 16 are presented 
in the form of estimated profit and loss 
statements for a separate corporation. 

The estimates for both the 24-in. and 
20-in. lines have been made for four load 
factors and with four tariff rates which 
will result in earnings of 7 per cent of 
fair value. This assumption has been 
made because of the likelihood that the 
lines will be required to operate under 
the Department of Justice Consent De- 
cree.” 





2United States of America v. The Atlantic Re- 
fining Co. et al., Civil Action No. 14060, District 
Court of the United States for the District of 
Columbia. Final Judgment of December 23, 1941. 


@ The maintenance cost and service life of pipe line coatings depend 
as much upon the proper application of the protective coating as 
upon the quality of the coating itself. The corrosion-resisting prop- 
erties of REILLY Enamel have been established in hundreds of miles 
of installations under the severest soil and climatic conditions. REILLY 
Primer and Enamel are readily applied, either at the mill or in the 
field, by any of the standard methods. 

The new REILLy booklet on Protective Coatings gives detailed 
information on the application of REILLY Primer and Enamel. Also 


on REILLY paints for cold application on stor- 
age tanks, towers, structural steel and other 
metal construction, whether serving above 
ground, under ground or under water. 


| SS ae ee 


Send for your copy of this new booklet today 


CHEMICAL 









CORPORATION 


Merchants Bank Building, Indianapolis 4, Indiana 


2513 South Damen Ave., Chicago 8, Illinois 
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Various factors and other assumptions 
used in the profit and loss studies are as 
follows: 

Investment. It has been assumed that 
if the 24-in. line costs $77,000,000, a sum 
of $60,000,000 would be the maximum 
fair price that should be asked if the line 
is sold within the coming year. This fig- 
ure was arrived at by deducting two 
years’ depreciation at 344 per cent per 
year and 15 per cent discount because of 
excessive wartime construction costs. Ex- 
pressed differently, the 15 per cent dis- 
count is equivalent to approximately 20 
per cent increase in 1942 costs over 1939 
base. 

A fair price for the 20-in. line, which 
it is estimated will cost $62,000,000, has 
been calculated at $37,000,000 by de- 
ducting two years’ accrued depreciation 

5 per cent per annum, 15 per cent dis- 
count for excessive wartime construction 
costs and 15 per cent because of inferior 
pipe which limits the line’s permissible 
operating pressure. An additional ex- 
penditure of $500,000 has been allowed 
for equipping the line with meters in 
estimates based on assumption line will 
transport products. 

Revenues. Transportation revenues in 
the several estimates in Tables 11 to 16 
have been calculated to yield net profits 
equivalent to 7 per cent of fair value. 
Corresponding tariffs are found by di- 
viding the transportation revenues by 
the annual rates of throughput. 

Cost of operations. Thé salary and 
wage schedules used in estimating man- 
agement and administration expense are 
equivalent to wartime rates prevailing in 
industry. The estimates were prepared 
with the assumption that the 24-in. and 
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20-in. systems would be separate ven- 
tures, 

Operation and maintenance charges, 
except power, are estimated to be con- 
stant at the various load factors. 


Ad valorem taxes. The rate of 1 per 
cent used in these estimates approxi- 
mates those of several major carriers. 

Provisions for depreciation. On the as- 
sumption that the 24-in. line will be used 
for crude oil and the 20-in. for products, 
depreciation rates for the two lines have 
been assumed at 314 per cent and 5 per 
cent per annum, respectively. Under the 
assumption that the 20-in. line will be 
used as a crude line, depreciation has 
been calculated at 314 per cent. It is be- 
lieved that these rates would be accept- 


able to the ICC and the Bureau of In- 


ternal Revenue. 


Interest on bonded debt. It has been 
assumed that. if a new corporation were 
formed, the owners would pay in some 
capital and the new company would bor- 
row the rest. It is necessary, therefore, to 
make arbitrary assumptions as to plan 
of financing. If the 24-in. line were pur- 
chased for $60,000,000, the new com- 
pany probably could borrow 75 per cent 
of this amount, or $45,000,000; similarly, 
if the 20-in. line were purchased for $37,- 
000,000, the new company could borrow 
$28,000,000. The differences would be 
paid in by the stockholders of the new 
companies. Therefore, interest at 3 per 
cent on the respective amounts borrow- 
ed has been calculated and deducted as 
an expense in the profit and loss state- 
ments. The return on paid-in capital 
must come to the owner in the form of 
dividends from earnings. 


Income taxes. Although the future tax 


rate is not known, it is believed that pres. 
ent corporate excess profits and income 
taxes are practically at peak levels, as 
the present high rates leave no incentive 
for capital to take business risks. 


A postwar Federal income tax rate of 
50 per cent of “net income before taxes” 
has been used in this study. This figure 
should be large enough to include state 
income taxes, which at the present time 
are only 1 or 2 per cent. 


Earnings, dividends, annual cash te- 
alization and payouts. Large volumes of 
petroleum must be transported by the 
War Emergency lines if they are to op- 
erate efficiently and economically. New 
corporations to acquire the lines prob- 
ably cannot be financed without guar- 
antees of a substantial part of the neces: 
sary trafic and, practically speaking, 
only a group of shippers can make such 
guarantees. If the Government, by appli- 
cation of the consent decree, should re- 
trict total payments to such shipper own- 
er stockholders to 7 per cent of fair 
value* 14 years would be required to re 
turn the investment. Business over $ 
a period cannot be forecast with reasol 
able certainty, and the payout is too 
considering the business risk. In faet, 
is improbable that the project could V4 
financed on such terms. 


If the Government would nie 
new pipe line company to apply e 

ings of 7 per cent of fair value plus 
nual depreciafion cash to pay back t 
investment, the crude line could be pa 
out in about 10 years and the prod 
line, because of a higher depreciat 
rate, in about 8 years. Actually these 
the minimum payout periods because} 
fair value of the system will decline 
year from the original (maximum) 
value and some depreciation cash 
have to be used from time to time 
extraordinary maintenance and rep 
ments as a result of washed-out 


“Fair values’ of these lines, for pur 
rate making and calculation of earnings, 
been assumed to be the total investment in 
would have to make in each; namely, $60, 
in the 24-in. and $37,500,000 in the 20-in. 
tually the Interstate Commerce Commission 
might determine higher or lower fair values. 
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FIG. 2. Cost of operations (direct cost) per barrel for _20-in. TABLE 10 
line from Baytown-Beaumont to New York, when operating on Coste af eneestinn 
crude and refined vroducts. aii P S- 
Cents per bbl. per 100 miles 
of | aaa 
Ww 24-in. line | 24-in. line | 20-in. line | 20-in. line 
e crude oil, | crude oil, | crude oil, | multiple 
< 300,000 200,000 154,000 uets, 
BS | bbl. per bbl. per bbl. per 165,000 
day | day day* bbl. per 
« dayt 
a on : “yt. ) 
71) Cont don 0.73 | 078 | 0 92 
direct cos i a 9 0.88 
a4 -~— TEXAS — Papemetion... | "O73 | 0.20 0.14t | 0% 
Z VIS, 85 SSU Interest. | 0.09 i 0.14 0.10 | 0.09 a 
3 : Beka, Gea ee 
pa _—_ Total.....| 0.95 1.12 1160 | 147 
Tariff for earnings } 
1s of 7 per cent of | 
o fair value...... 1.53 1.98 1.76 | 1.74 
O Length, miles... . 1,339 1,339 1,535 | = 1,535 
= a i a 
5 MULTIPLE TENDERS OF PRODUCTS iidinaadaiice E 
pumping rast Texas crude, 600 Ib. 0 ating 
w eCLUCINS HEATING sreieme. perating 
5 tMaximum rate when pumping products including ove or more 
ba batches of No. 2 heating oil, 600 lb. operating pressure. 
” GASOLINE {Depreciation rate 3% per cent if used as crude line and 5 per cent 
oy 2s products line. 
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THE HAMER WAY 


Positive shut-off, or turned 
full-open, by ONE 
man, in ONE minute. 


THE OLD WAY 


Several men, with all their 
tools, from 20 minutes up 
(mostly up), plus other costs. 























HAMER OIL TOOL CO. 


2919 Gardenia Ave., Long Beach 7, Calif. 
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TABLE 11 
Estimated profit and loss statement, 24-in. War Emergency Line, Longview to Philadelphia-New York, transporting 
East Texas crude. 
Estimate based on:*Separate“operation; tariffs to earn 7 per cent of fair value; investment $60,000,000 
Nominal throughput, bbl. per day. .............-.c0.-ceeeee 300,000 250,000 200,000 150,000 
SMa... SS 109,500,000 91,300,000 73,000,000 54,750,000 
Total Cumu- | Total Cumu- | Total Cumu- | Total | Cumu- 
per. Cents | lative per Cents | lative per | Cents | lative per ({ Cents | lative 
year (in per cost | year (in per “cost jyear(in| per cost | year (in| per cost 
thou- bbl. per thou- bbl. per thou- bbl. per thou- | bbl. per 
sands) bbl. sands) bbl. ) bbl. sands) | bbl. 
ovenndad teallls..........-...00.-ccsseessesssssesced $22,460 | 20.50 $20,520 | 22.50 $19,350 | 26.50 | $18,800 | 34.50 
Cost of operations: 2 
Management and administration. ..................eeeees 870 | 0.79 870 | 0.95 870 | 1.19 | 870 | 1.59 
CINE GIT PRRIIIIIIID. 6 505.5 occ ccccaccccssesccsenees 2,800 | 2.56 2,800 | 3.07 2,800 | 3.84 | 2,800} 5.11 
PENS RE EO eee ee 5,444] 4.97 3,610 | 3.95 2,490 | 3.42 | 1,920 | 3.51 
Ad valorem taxes (1 per cent of $60,000,000)............... 600 | 0.55 600 | 0.66 600 | 0.82 | 600 | 1.09 
Transportation tax, 444 per cent... ...........seeceeeeees 1,012 | 0.92 924} 1.01 871} 1.19 850 | 1.55 
STE CTS: 10,726 | 9.79 | 9.79 | 8804] 9.64 | 9.64 | 7,631 | 10.46 | 10.46 | 7,040 | 12.85 | 12.95 
Net earnings before depreciation, income taxes and interest....| 11,734 | 10.71 11,716 | 12.86 11,719 | 16.04 11,850 / 21.65 | 
Depreciation (3% per cent of $60,000,000)................... 1,950 1.78 11.57 1,950 | 2.14 11.78 1,950 | 2.67 13.13 1,950 | 3.56 | 16.41 
Interest on bonded debt (3 per cent of $45,000,000)........... 1,350 1.23 12.80 1,350 1.48 13.26 1,350 1.85 14.98 1,350 2.47 | 18.88 
i siiscneundeaxecdiceoeusiccaininll 3,300 | 3.01 3,300 | 3.62 3,300 | 4.52 | 3,300 | 6.03 
ab sneeieen NARA. 6555 inancse-ssasensssasae 8,434 | 7.70 8.416 | 9.24 8,419 | 11.52 _ | 850] 15.62 | 
Income taxes, state and federal (50 per cent)..............6.. 4,217 | 3.85 16.65 4,208 | 4.62 17.88 | 4,210 | 5.76 20.74 | 4,275 | 7.81 | 26.69 
TELE TE LT E $4,217 | 3.85 $ 4,208 | 4.62 $4200] 5.76 | {$4275 | 7.81 | 
Per cent earnings on $60,000,000............sscesseeeeeeees 7.03 7.01 7.02| | 7.42} | 
=| ——— pecans f= 
A 1 cash realization: : 
"‘Deprecietion Perot cnl sam owas s wisteneelnnmeuinutai este $ 1,950 $ 1,950 $ 1,950 \$ 1,950 
MMIII Sree aes Mecca cacies comb KodenOee 4,217 4,208 | | 4,209 4,275 
BN s cickaciceasannlstcusearnennannnone $ 6,167 $ 6,158 | | $ 6,159 | | $ 6,225 
RN ose S5 505s id .c 49.50 Woo eka deoncamasine 9.7 9.7 97 | 9.6 














crossings, excessive corrosion and sim- 
ilar items, which are not covered by nor- 
mal maintenance expense. 

Although other forms of transporta- 
tion are not bound by such restrictions 
on net earnings, throughout this report 
charter rates for tankers and barges have 
been calculated for comparative pur- 
poses on bases of 10 and 8-year payouts 
when transporting crude and products, 
respectively. 

Comparison of unit costs of 24-in. and 
20-in. lines. Operating costs for the 24- 
in. line given in Tables 11, 13, and 15 are 
calculated on the assumption that the 
line will run exclusively on crude oil, but 
inasmuch as the 20-in. line can be op- 
erated equally well on crude or products, 
Fig. 2 has been included to show the 
effect of changes in commodities on 
throughput and cost of operation of the 
20-in. line. 

The per-barrel direct operating costs 
and fixed charges per 100 miles for the 
24-in. and 20-in. lines, and the tariffs per 
100 miles to yield earnings of 7 per cent 
of fair value over the practical range of 
commodities and rates of throughput at 
which the lines might be expected to op- 
erate, are given in Table 10. 

The 24-in. line if operated at maxi- 
mum rate has some cost advantage over 
the 20-in., but both lines can transport at 
lower unit costs per mile than most other 
pipe lines. Either line can handle crude 
or products, but the 24-in. line would 
have to be equipped with automatic con- 
trols, filters, meters, and so on before it 
would be suited for the latter. This inter- 
changeability is -important because if 
one line should be required for natural 
gas, the one best suited could be placed 
in that service and the other could han- 
dle petroleum. 

‘Operation of War Emergency Lines - 
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under Government lease. As mentioned, 
the Government’s first concern may be 
the maintenance of the War Emergency 
lines in good operating condition as fa- 
cilities for national defense, so it may 
prefer to retain ownership and lease the 
lines to industry. If profitable uses can 
be found for the lines, presumably the 
rental asked by the Government would 
include such fixed charges as deprecia- 
tion and interest on investment and pos- 
sibly some provisions for payout of cap- 
ital. Other expense to the operators 
would include management and admin- 
istration, operation and normal mainte- 
nance, electric power, and Federal trans- 
portation tax. 


@ Gathering and feeder-line costs. 
Crude. Estimates given in the preced- 
ing pages suggest that under most fa- 
vorable conditions the direct cost of ship- 
ping through the War Emergency crude 
line from Longview to New York-Phil- 
adelphia are about equal to the cost of 
shipping by tanker from Gulf ports to 
New York-Philadelphia. As crude sup- 
ply sufficient to utilize the capacity of 
the War Emergency line probably can- 
not be obtained from oil fields adjacent 
to War Emergency’s Longview station, 
and as the equivalent amount cannot be 
obtained from fields at Gulf ports for 
tanker loading, some feeder line costs 
must be added both to pipe line and 
tanker costs. These are so important as 
to affect profoundly the economics of 
shipping crude oil to District 1. 
The amount of crude that might be 
made available to the War Emergency 
line from each producing region cannot 
be forecast, as private requirements, 
quality, profitability, and many other 
factors will change this from time to 
time. However, East Texas, West Texas- 


New Mexico, Southwest Texas, and Up. 
per Gulf Coast of Texas are the most 
promising sources of large supplies of 
crude for transportation through the War 
Emergency line (Table 17). 

The present large network of private. 
ly owned pipe lines is, generally speak. 
ing, adequate to transport the produc. 
tion of these important producing te. 
gions to existing refineries and Gulf load. 
ing terminals. They are not so well 
adapted to moving crude economically 
to Longview. 

Crude from the East Texas field that 
is to be shipped to the East Coast could 
be delivered by the 24-in. line at an ad- 
vantage of from 9 to 11.5 cents per bbl. 
(based on feeder-line tariffs and not 
marginal costs) over tankers because it 
would be delivered without charge to 
War Emergency’s Longview station. 

If West Texas-New Mexico crude for 
shipment to District 1 could be handled 
directly through West Texas-East Texas 
pipe lines, feeder-line costs for delivery 
to Longview would be about equal to the 
cost of transporting to the Gulf and load- 
ing on board tankers. It is conceivable 
that in the postwar period, with easier 
conditions in the industry, as much as 
85,000 to 100,000 bbl. per day might be 
moved direct from West Texas to East 
Texas. 

West Texas crude that must move via 
the Gulf to East Texas for shipment 
through the War Emergency line wo 
be at a disadvantage of 10 cents per bar’ 
rel, because the tariff from West Texas 
to the Gulf is the same as that to Long 
view, and a tariff of 10 cents would have 
to be paid for the Gulf-to-Longview 
movement through one of the reve 
pipe lines. 

A substantial quantity of West Texas 
crude for shipment to the East Coasl! 
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should be available for a number of 
years in the postwar period, but only 
the part that can move directly by pipe 
line to East Texas at substantially the 
same tariff as for movements to the Gulf 
can be considered economically for 
movement through the 24-in. line. 

Southwest Texas and Upper Texas 
Gulf Coast crudes are at the disadvan- 
tage of such high feeder-line costs (un- 
favorable margins of 17.5 and 23.5 cents 
and 3.5 to 8.5 cents per barrel, respec- 
tively) that they will not be moved 
through one of the War Emergency lines 
to the East Coast unless tankers are not 
available. 

Products. Practically the entire quan- 
tity of refined products to be shipped to 
District 1 for which either War Emer- 
gency pipe line would compete must 
come from refineries on the Gulf, which 
already are connected to the War Emer- 
gency 20-in. products line. Thus, the 
costs of shipping products to New York, 
as given in Table 12, are directly com- 
parable with tanker costs. 

Distribution of these products in Dis- 
trict 1, however, emphasizes a serious 
disadvantage to pipe line transportation. 
Except for products “dropped off” en 
route, the line can deliver its load only 
to the several terminals at New York 
harbor. Materials destined for other At- 
lantic Coast ports must be transshipped 
if transported by pipe line. The cost of 
transshipping will depend on distance 
and method but should fall within a 
range of from 7 to 10 cents per barrel. 
Tanker deliveries from the Gulf can be 
made in the first instance to any port 
north of Hatteras at practically the same 
cost. 


@ Tanker operations. Before the war 
tankers handled almost all the petroleum 


traffic—about 1,600,000 bbl. per day— 
between Gulf ports and District 1. This 
development came as a result of the 
heavy demands for petroleum in Dis- 
trict 1, the large production in District 
3 and finally, because of the relatively 
low costs of tanker transportation. Soon 
after the beginning of the war, the de- 
mand for tankers in other parts of the 
world became so great that the huge 
Gulf-East Coast fleet was largely divert- 
ed from its regular service. It is believed 
that in the postwar period, tanker com- 
petition for this business will be even 
more keen than before, owing to the 
availability of new maritime type tankers 
and to their greater efficiency. 

Formerly most of the traffic was han- 
dled in old-type tankers, which averaged 
about 10,700 dead-weight tons in capac- 
ity and 10 knots in speed. Not many old 
10,000-ton ships are expected to be re- 
turned to Gulf-North Hatteras service 
after the war because many have been 
lost through enemy action and others 
hae been turned in to the Maritime Com- 
mission by their former owners as credit 
on new ships. These ships will have little 
effect on the comparative economy of 
pipe lines and tankers unless an unfore- 
seen tanker shortage should develop. 

Many tankers built within about the 
last ten years, of tonnages varying from 
12,000 to 16,000, are still in service. Al- 
though these ships do not have the car- 
rying capacity of Maritime type tankers, 
they are good ships and will remain in 
service after the war. Because of wide 
variations in tonnage and speed, it has 
not been possible to include their aver- 
age specifications and operating costs. 

Maritime type (T-2) tankers. Tanker 
competition for Gulf-to-East Coast pe- 
troleum traffic should be gaged on the 


cost of transportation in the newer mari- 
time type (T-2) tankers, which have 
the following specifications: 











Voyage and cargo calculations: 
Brstance rund ft iBixots, 10-8 days 
ys ai ots. .8 days 
Load, discharge and port 
MD hexsdacasnadcrows 3.0 days 
Total per voyage..... 13.8 days 
Days per year....... enssi4 365 
Less repairs and losttime.. 20 days 
Net per year......... 345 days 
Number of voyages per 
year at 13.8 days per 
Ee 25 
Cargo per voyage: 
Tots ¢ deadwoaght Se Pee eee 16,760 tons 
Less fuel: 
10.8 days at 250 bbl. per 
SE cekd tien encan 2,700 bbl. 
3.0 days spare at 250 bbl. 
TS RSE 750 bbl 
Port fuel for 3 days..... 400 bbl 
3,850 bbl 
620 tons 
Less F. W., stores, etc..... 290 tons 
° 910 tons 
on eatin saci’ coke nave 15,850 tons 
Cargo per trip, gasoline................. 137,5€0 bbl. 
f (60 deg. API) 
Cargo per trip, crude................ 116,000 bbl. 
: (30 deg. API) 
For 25 trips per year, gasoline........... 3,437,500 bbl. 


For 25 trips per year, crude.............. 2,900,000 bbl. 








This tabulation shows that the carry- 
ing capacity of a tanker varies consider- 
ably with the API gravity of the cargo. 
This, in turn, has an important bearing 
on the cost per barrel for transporting 
crude, which is higher than that for gas- 
oline. For purposes of this study, two 
typical cargoes have been assumed: 





Annual throughput, bbl... .. 


Revenue and tariffs 
Cost of operation: ; 
Management and administration 
Operation and maintenance... . 
Electric power........ pie 
Ad valorem taxes (1 per cent of $37,500,000) 
Transportation tax—4) per cent...... 


Subtotal 
Depreciation (5 per cent of $37,500,000).......... 
Interest on bonded debt (3 per cent of $28,000,000 
Sere rte re 


Net earnings before income taxes.......... 
Income taxes, state and federal (50 per cent) 


Net earnings.......... 
Per cent earnings on $37,500,000. 
Annual cash realization: 
Deproctation .........006. 
Net earnings.......... 
Total 


Payout, vears 





Nominal throughput, bbl. per day...................0.06- 


Net earnings before depreciation, income taxes and interest 


TABLE 12 


Estimated profit and loss statement, 20-in. War Emergency Line, Baytown-Beaumont to New York, transporting gasoline. * 




















Fstimate based on: Separate operation; tariffs to carn 7 per cent of fair value; investment $37,500,000 












































230,000 200,000 | 165,000 130,000 
85,700,000 73,000,000 60,200,000 47,400,000 
Total | | Cumu- | Total Cumu- | Total | Cumu- | Total | Cumu- 
per | Cents | lative per Cents | lative per Cents | lative per | Cents | lative 
year (in| per | cost | year (in per cost | year (in per cost | year(in| per cost 
thou- | bbl. | per thou- bbl per thou- bbl. | per thou- | bbl. | per 
sands) bbl. | sands) bbl. | sands) sands) | bbl. 
$18,211 | 21.25 | | $16,790 | 23.00 | $15,502 | 25.75 | | $14,931 | 31.50 
| | | | 
$80 | 1.03 | | 880] 1.21 | 1.46 | | 880 | 1.86 
3,150 | 3.68 3,150 | 432 | | 3150 | 5.23 | | 4160 | 6.65 
5,000 | 5.83 3,580 | 4.90 | | 2,480 | 4.12 1,865 | 3.93 
375 | 0.44 375 | 0.51 | 375 | 0.62 | | 375 | 0.79 
819 | 0.95 756 | 1.03 | 698 | 1.17 | 672 | 1.42 
10,224 | 11.93 | 11.93 | 8,741 | 11.97 | 11.97 | 7,583 | 12.60 | 12.60 | 6,042 | 14.65 | 14.65 
7,987 | 9.32 | 8,049 | 11.03 7,919 | 13.15 | | 7,089 | 16.85 | 
1,875 | 2.19 | 14.12 1,875 | 2.57 | 14.54 1,875 | 3.11 | 15.71 | 1,875 | 3.96 | 18.61 
840 | 0.98 | 15.10 840 | 1.15 | 15.69 840 | 1.40 | 17.11 | 840 | 1.77 | 20.38 
2,715 | 3.17 | | 2,715 | 3.72 | | 2,715 | 4.51 | 2,715 | 5.73 
5,272 | 6.15 | §,334| 7.31 | 5,204 | 8.64 | 5,274 | 11.12 
2,636 | 3.08 | 18.18 | 2,667 | 3.66 | 19.35 | 2,602 | 4.32 | 21.43 2,637 | 5.56 | 25.94 
$ 2,636 | 3.07 | __ $2.667| 3.65 | _—-|$ 2,602 | 4.32 | $ 2,637 | 5.56 
7.03 | ak 2 eee 7.03 
$ 1,875 $ 1,875 | 1,875 $ 1,875 
2,636 2,667 | 2,602 
$ 4,511 $ 4,542 | $4,477 $4,512. 
83 8.3 84 83 


*See discussion on effects of shipping more viscous oils and multiple tenders of various products. 
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namely, 30 deg. gravity crude and 60 
deg. gravity gasoline. 

Tanker operating costs. Table 18 gives 
estimates of postwar operating costs of 
maritime-type tankers between Gulf 
ports and ports north of Hatteras.‘ It as- 
sumes that tanker operations normally 
will be conducted by the marine depart- 
ments of major oil companies. The esti- 
mates are presented in profit and loss 
statement form to permit comparison 
with the pipe-line statements. They can 
be considered as improvements in an oil 
company’s earnings. The charter rates of 


19 and 21 cents per barrel for gasoline. 


and crude would return the investment 
in a tanker in about 8 and 10 years, re- 
spectively. These payouts are compara- 
ble with those of products and crude pipe 
lines if earning 7 per cent of fair value. 


Cost of operations. The figures for re- 
pairs, wages, fuel, and so on, are esti- 
mated average postwar costs. 


Overhead—management and office in- 
cludes all direct costs of a marine depart- 
ment, including salaries of a vice presi- 
dent and his staff. The item also includes 
an allocated share of an oil company’s 
overhead. : 


Taxes (except Federal income tax). 
Tankers are not subject to ad valorem 
taxes and any local taxes paid on tanker 
operations are included in the item of 
“Port Charges.” 

Depreciation. Depreciation on the mar- 
_itime type vessels is calculated at the an- 
nual rate of 5 per cent of their estimated 
cost, a rate approved by the Maritime 
Commission and accepted by the Bureau 
of Internal Revenue for tax purposes. 


Maritime-type tankers now cost about 
$3,000,000, but it is believed that in the 
postwar period tankers may be so plenti- 
ful that they will be sold at prices of 
from $1,000,000 to $1,500,000. There- 
fore, depreciation has been calculated 
on a basis of 5 per cent of an estimated 
cost of $1,500,000 per ship. 


Interest on invested capital. Interest 
on invested capital has been included in 
the profit and loss estimates for new 
tankers. Again, if additional transporta- 
tion is needed, either additional ships or 
a pipe line must be purchased. In time 
such an investment will be returned by 
earnings, so the provisions for interest 
will be reduced. However, in the four 
postwar years under study, interest will 
be incurred on almost the full amount 
of the investment, Therefore, interest at 
the Maritime Commission rate of 344 
per cent on an investment of $1,500,000 
per ship has been allowed. 


Federal income tax. It is assumed that 
the earnings of a tanker fleet will be con- 
solidated with those of the owning oil 
company and will be subject to a post- 
war Federal income tax of 50 per cent 
in lieu of the present excess profits taxes 
and 40 per cent normal income tax. As 
in the case of the pipe lines, this is an 
arbitrary assumption by the writer. 
silences 


_ “Operating costs between the Caribbean load- 

ing ports of Aruba and Curacao and Phila- 

delphia-New York are approximately the same 

¥ _—— Gulf ports and Philadelphia-New 
ork. 
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TABLE 13 


Estimated tariffs and costs of transportation, 24-in. War Emergency Line, 


Longview to Norris City, transporting East Texas Crude. 
Estimate based on: Separate operation; tariffs to earn 7 per cent of fair value; investment $25,000,000 















































Nominal throughput, bbl. per day.............. 300,000 250,000 200,000 150,000 
Annual throughput, bbl...................... 109,500,000 91,300,000 73,000,000 54,750,000 
Cents per bbl. | Cents per bbl. | Cents per bbl. | Cents per bbl, 
cpa AD an tus bad tticsniwnadnils 8.25 9.25 10.75 14.00 
Cost of operations (direct cost)................ 3.86 3.89 4.16 5.12 
re er ere ear 0.74 0.89 1.11 1.48 
Ss ee eee 0.49 0.59 0.74 0.99 
IRs sicls acct s's 5 Saiseeiannae ns ecoanees 1.58 1.94 2.37 3.21 
IR fo. i c-cuin seclaay wh. chnatys 6.67 ae 8.38 10.80 
WN MON a. cin. n acs. Se hadsisomneen asasns 9.8 9.7 9.8 9.7 
TABLE 14 


Estimated tariffs and costs of transportation 20-in. War Emergency Line, 
Baytown-Beaumont to Norris City, transporting gasoline.* 


Estimate based on: Separate operation; tariffs to earn 7 per cent of fair value; investment $18,500,000 


























Nominal throughput, bbl. per day.............. 235,000 200,000 165,000 130,000 
Annual throughput, bbi........................ 85,700,000 73,000,000 60,200,000 47,400,000 
Cents per bbl. | Cents per bbl. Cents per bbl. } Cents per bbl. 
MND Narn nance eanwanicemieacenieck ___ 10.00 ; 11.00 12.25 15.00 
Cost of operations (direct cost)................. 5.47 5.54 5.86 6.85 
IN ier a dicts aiklts ganna win xn aan 1.08 1.27 1.54 1.95 
| AIR IE AER ee sel heen 0.46 0.53 0.65 0.82 
Se ere ae eee 1.50 1.83 2.10 2.69 
MES Sat cahaaynt ccodkibrn woes 8.51 9.17 10.15 12.31 
RN NNN 2 eon Sa cig sroiniw palaionk 8.4 8.2 8.4 8.4 




















*See discussion in description of 20-in. line of effects of shipping more viscous oil and multiple tenders of var- 


ious products. 











TABLE 15 


Estimated tariffs and costs of transportation, 24-in. War Emergency Line, 
Philadelphia-New York to Norris City, transporting crude. 
Estimate based on: Separate operation; tariffs to earn 7 per cent of fair value; investment $36,000,000 
























































Nominal throughput, bbl. per day.............. 300,000 250,000 200,000 150,000 
Annual throughput, bbl........................ 109,500,000 91,300,000 73,000,000 54,750,000 
Censs per bb!. | Cents per bbl. | Cents per bbl. | Cents per bbl. 
RINNE ic re oe NS ee Oa talinlare 12.25 13.50 16.00 20.50 
Cost of operations (direct cost)................. 5.86 5.83 6.19 7.56 
ai ete arcc at cts ciated Guaniecaae cane 1.07 1.28 1.60 2.14 
__ AE ree Sey ne peeree 0.74 0.89 y eG 1.48 
INE ee 5 eS rhe ee Se are a 2.29 2.75 3.55 4.66 
NS cS cinyackeanetevsas- 9.96 10.75 12.45 15.84 
en ERT ARES ORE TE I SAE AAS 9.8 9.8 9.6 9.7 
TABLE 16 


Estimated tariffs and costs of transportation, 20-in. War Emergency Line, 
New York to Norris City, transporting gasoline.* 


Estimate based on: Separate operation; tariffs to earn 7 per cent of fair value; investment $20,500,000 


























Nominal throughput, bbl. per day.............. 235,000 200,000 165,000 130,000 
Annual throughput, bbl........................ 85,700,000 73,000,000 60,200,000 | 47,400,000 
Cents per bbl. | Cents per bbl. | Cents per bbl]. | Cents per bbl. 
Eire cg cR ahi calbadicuic peas Daehn asae ee 11.50 12.50 14.00 17.00 
Cost of operation (direct cost)................. 6.44 6.44 6.72 7.78 
NIN ¢ dare nc bacon bsioccciencancckawad 1.20 1.40 1.70 2.16 
Ne SERRE SS ere es 0.52 0.62 0.75 0.95 
IR Se oark id Las tiasaiawisvenis acc beena Garces 1.67 2.02 2.42 3.06 
REE TET E ECT P OR EE 9.83 10.48 11.59 13.95 
MIRED aos ecg e nw ensetnkwaws Senkineale 8.3 8.2 8.3 8.3 

















*See discussion in description of 20-in. line of effects of shipping more viscous oil and multiple tenders of var- 


ious products. 
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DRESSER COUPLINGS are «A NATURAL” 
for OVERHEAD TANK CONNECTIONS 





Span the Gap me -— (No exact pipe fitting necessary) 


“ ~Semas (Resilient gaskets absorb vibration, and ‘‘give’’ 
They Are Flexible — —_ to allow for settling movements) 


aeiepote 


Stay Tight! — oo (No costly, dangerous leaks) 











“he —T 
‘? re 


8 Sep e some, akin 











Tank battery connections such as those illustrated above 
—or any oil field pipe joints—can be quickly and easily Why Dresser Couplings are FLEXIBLE 
made with Dresser Long Sleeves. Pipe ends need not ... but STAY TIGHT! 
meet or align perfectly—no thread cutting is necessary 
—the only tool required is a simple wrench—and any 
man in your crew can make a dependable joint. 

Consisting of a few standard interchangeable parts, 
Dressers are easy to order, easy to stock and install. 

Save time—be sure to have a supply of Dresser 
Couplings and Long Sleeves on hand for tank and other 
connections. Your jobber has them or can get them for 
you, usually on short notice. 

* * * 
DRESSER MANUFACTURING DIVISION 
Bradford, Pennsylvania 


In Texas: 1121 Rothwell St., Sec. 16, Houston, Texas 
In Canada: Dresser Manufacturing Co., Ltd., 6" Size 


Dresser Style 38 Coupling cutaway 
to show construction. Resilient gas- 
kets, tym tightly between mi 
ring and pipe surface, it 4° or 
more deflection (depending on diam- 
eter) and up to %” movement 
longitudinally. This flexibility pro- 
tects against “frozen” joints, fatigue 
failures, or breakage from misalign- 
ment caused by settling foundations. 
Style 38 is available in sizes from 
3%” to 24” and larger. 





8” Size 


Style 40 Long Sleeve spans the gap 
where pipe ends do not meet, and 
permits greater pipe entrance where 
there is excessive longitudinal move- 
ment. Sizes 4%" to 24’. 











60 Front St., West, Toronto, Ontario 





WRESSHR cc owUwUPLIN 6G6s8 


ONE OF THE DRESSER INDUSTRIES for Plain-End Pipe 
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TABLE 17 


Sources of crude. 


Produci- 
bility, 
est. Reserves 


cluding East Texas field)..} 526,000 | 3, 

West Texas-New Mexico...| 610,000 | 3,390,000,000 
Southwest Texas.......... 5, 1 000 
Gulf Coast of Texas.......| 477,000 | 2 





“Source: District 3 Production Committee Report 
Ivy Subcommi.tee) to PAW, Dec. 1, 1943. 
tSource: Oil and Gas Journal. 











Availability of tankers. At the time of 
Pearl Harbor a fleet of 320 tankers 
(mostly old type) was needed to carry 
1,600,000 bbl. per day of petroleum from 
the Gulf to the East Coast. About 200 
maritime-type tankers would be able to 
transport the same amount. Statistics on 
losses and transfers of tankers are not 
available, but it seems likely that there 
will be enough tankers in the postwar 
period to compete for the District 3 to 
District 1 petroleum trafic. 


@ Barge operations. The prewar barge 
fleet that operated on the Gulf-Intra- 
coastal and the Mississippi-Ohio River 
waterway systems comprised about 850 
barges of 6,423,000 bbl. aggregate ca- 
pacity. This fleet has been augumented 
by the construction of at least one hun- 
dred and fifty 9000-bbl. barges by indus- 
try, plus one hundred 9000-bbl. barges 
by the Government, and the conversion 
of 450 dry cargo barges of an average 
capacity of 9000 bbl. raising the total 
barge capacity now available for pe- 
troleum transportation to 10,473,000 bbl. 
Present estimates indicate that this fleet 
will be more than adequate to handle 
all economic barge movements on these 
waterways for an indefinite period after 
the war. 

Table 19 gives estimated operating 
costs of typical river tows between New 
Orleans and Paducah, Cincinnati, and 
Pittsburgh. This table is set up in the 
form of a profit and Joss statement, not 
only to show direct and fixed costs but 
also to compare with the pipe line and 
tanker tables. The charter rates are 
those which would have to be applied to 
pay out the capital investment in the tow 
equipment in 8 years. 

A typical modern river tow is assumed 
to consist of one 2000-hp. diésel towboat 
and ten 9000-bbl. barges. The postwar 
value of the barges is assumed at 60 
per cent of wartime cost, and the tow- 
boat at 75 per cent. The estimated direct 
costs, as well as the charter rates for 
transporting petroleum from New Or- 
leans to points on the Ohio River, are 
considerably higher than estimated post- 
wer pipe line costs from Houston-Beau- 
mont to similar points, and it so happens 
that both will compete for the same traf- 
fic because the big lines closely parallel 
the Ohio River. 
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TABLE 18 i rcaete tials: - % 
Cost of transportation of petroleum from Gulf Ports to Philadelphia-New York 
by tanker. 
Maritime-type (16,760 D.W.T.) ships 
Gasoline, 60 deg. API Crude, 30 deg. API 
| | 
| | Cumu- Cumu- 
Cents | lative | Cents lative 
Per year | per bbl. | cost Per year | perbbl.!| cost 
; aa } per bbl. | per bbl. 
Total volume transported, bbl. 3,437,500 2,900,000 7 
Transportation revenue, charter rate $653,000 19.0 $609,000 21.0 
Cost of operations: 
I as sopivcnxiwe a 44,556 1.3 44,556 | 16 
ERGs Papesient 81,895 | 2.4 $1,895 | 2.8 
EROWMNORB... 5.5 5o53...... hier Graia 15,224 | 0.4 15,224 0.5 
Ee ee neem 15,440 | 0.5 15,440-) 0.5 
Fuel (at $0.85 per bbl.)... 0022 | 68,000 | 20 68,000 2.4 
Miscellan aaan ounce 3,814 0.1 | 3,814 | O.1 | 
Insurance 49,000* | 1.4 | 49,000* | 1.7 | 
Port charges 5,000 0.7 25,000 0.9 | 
Iverhead 26,393 | 0.8 | | 26,393 | 0.9 | 
Total cost of operations... | $829,322 | 9.6 | 96 | saa9az | 14 | in 
Total operating income..............| $823,678 | 9.4 | | sa7a678 | 9.6 | 
Federal transportation tax (3 per cent).......... t 7 i t i a a ain. 
State income tax...................... .. ; : | | t | 
_ | $323,678 | 9.4 | $279,678 | 96 |) 
INR ooo ard Ssiecicheioh aa estsawescatales 75,000° | 22 | 11.8 | 75,000" | 2.6 14.0 
$248,678 | 7.2 | $204,678 | 70) 
Interest on invested capital (314 per cent)...... 52,500® 1.5 13.3 | 52,500° | 1.8 | 15.8 
Profit before income MOR Sines iseccecwacsccc5} Sena | 5 7 : | $152,178 | 5.2 |. 
Provision for Federal income tax (50 per cent | | 
postwar rate)........ 6... cec cece een --| 98,089 | 2.8 | 16.1 | 76089 | 26 | 18.4 
Net earnings......00......2.0000. | $9809 | 2.9 | | $7609 | 26 | 
Annual cash realization: a 
NR 8 eae oinisenisicces acca oacacas | $ 75,000 $ 75,000 
| RSS GRR ie erenecarnnen | 98,000 76,000 
Saeco ae | $173,000 | | $151,000 | |” 
MCU ee cm bal 8.7 9.9 ; 
| 





*Based on estimated postwar valuation of $1,500,000. 
tDoes not apply to movement by a company in its own vessel between its refinery and terminals. 
tIncluded in Federal income tax provisions. 


On assumed investment. 





TABLE 19 
Cost of transportation of petroleum from New Orleans to terminals 
on the Ohio River by barges. * 


One diesel towhoat (2000 hp.) and ten 9000-bbl. barges transportin 
| eee products or crude of 30° API gravity or lighter wie 
























































| New Orleans to Paducah | New Orleans to Cincinnati | New Orleans to Pittsburgh 
Cumu- a Cumu- 
oy lative Cents | lative Cents | lative 
Per year per | cost Per year cost | cost Per year per | cost 
| bbl. | per bbl. | per bbl. | per 
bbl. | bbl. bbl. 
ee | | 18.5 | _ | 25.6 | j ; 33.7. 
Total, volume ‘transported, | | . 
__ ae saree vapissie's cima 1,493,215 | 1,080,000 | 821,250 
Transportation revenue... .. $277,000 18.5 | $227,000 | 25.6 | $277,000 | 33.7 
Cost of operations: | | 
ee $144,000 | 9.6 $144,000 13.3 | $144,000 17.5 
Owernend...... 2... ....005 12,000 0.8 12,000 1.3 | 12,000 1.5 
Total cost of operations...| $156,000 | 10.4 | 10.4! $156,000 | 14.4 | 14.4 $156,000 | 19.0 | 19.0 
Total operating income....! $121,000 | 8.1 $121,000 | 11.2 | $121,000 | 14.7 
Depreciation, 5 per cent... . . 27,500t | 1.8 | 12.2 27,500t | 2.6] 17.0 27,500t | 3.3 | 22.3 
- ; $ 93,500 6.3 | $ 93,500 8.6 $ 93,500 11.4 
Interest on invested capital 
eee 16,500t i | | 13.3 16,5007 1.5 | 18.5 | 16,500t | 2.0 | 24.3 
Profit before income taxes...| 77,000 | 5.2| | 77,000 | 71! | 77,000 | 94 
Provision for Federal income | 
tax}(50 per cent postwar : } 
MISE sicase size 38,500 | 2.6| 15.9] 38,500 | 3.5) 22.0} 38,500 | 4.7 | 29.0 
Net earnings........... _$ 38,500 | 2.6) | $38,500 | 3.6| | $38,500 | 4.7 
Annual cash realization: | } 
Depreciation.../......... | § 27,500 | $ 27,500 | | $ 27,500 
Net earnings............. | 38,500 | 38,500 | | 38,500 | 
en eee. | $6600 | | $66,000 | | $66,000 | | 
Payout, years............ 8.3 8.3] 8.3 











*Costs are average for cargoes of light crude or products. Variations as between products and light crude are too 
small to be significant. 


{Based on postwar valuation of $25,000 per 9000-bbl. barge and $300,000 for towboat or a total of $550,000. . 
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Petroleum barges can be used for the 
transportation of dry cargoes, and if 
barge owners are able to develop im- 
portant downstream traffic, the towing 
cost for which is only about one-third of 
the cost for upstream towing, such busi- 
ness could very appreciably reduce the 
over-all cost of barging petroleum from 
the Gulf to up-river points. 

Barges undoubtedly will find their 
economic place in the postwar period 
and, although at a cost disadvantage with 
pipe lines for long hauls, they have the 
advantage of elasticity in points of ori- 
gin and delivery; ability to peform the 
combined function of long haul and dis- 
tribution by dropping barges from the 
tow at successive terminals; adaptability 
to handling small batches of branded 
products without contamination; and 
freedom from many governmental regu- 
lations that are burdensome to pipe lines. 


@ Economy analysis of War Emer- 
gency pipe lines as crude and products 
carriers. Utilization of the War Emer- 
gency pipe lines in the postwar period 
will depend on finding an economically 
sound basis for their operation.The four 
sources of petroleum traffic available to 
them are: 

1. Crude transportation from District 
3to East Coast refineries. 

2. Refined products transportation 
from Gulf Coast refineries to East Coast 
markets. 

3. Crude transportation from District 
3or East Coast ports to District 2. 

1. Refined products transportation 
from District 3 or East Coast refineries 
to District 2. 

Crude transportation from District 3 
to East Coast refineries. Estimates indi- 
cate that there will be only enough crude 
transportation business: from District 3 
to District 1 through 1948 to justify op- 
eration of either War Emergency line on 
crude. Therefore, although the writer is 
inclined to view the present wave of pes- 
simism in certain governmental and in- 
dustry circles as a reflection of one of 
those low points in the industry’s cycles 
of scarcity and abundance, the long-term 
prospects for these crude movements are 
uncertain enough that prospective pur- 
chasers would be slow in advancing cap- 
ital necessary to purchase one of the 
War Emergency lines. This uncertainty 
is further emphasized by the growing 
sentiment that favors crude importations 
from foreign countries, both as a meas- 
ure of conservation of our national pe- 
troleum resources and as a convenient 
means for creating credits to stimulate 
foreign trade. 

Assuming that enough petroleum will 
be available to justify the purchase by 
industry of one of the War Emergency 
lines for crude transportation from Dis- 
trict 3 to District 1, the line immediately 
must face the competition of tankers. As 
most companies with East Coast refin- 
triés are expected to have enough tank- 
ts to transport their own oil, this com- 
petition will be extremely severe. Tank- 
‘r owners probably will operate their 
ships at the estimated direct cost of 11.4 
cents per bbl. before tying them up. It 
8 estimated that the 24-in. line can op- 
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PATTERN FOR 
POST-WAR PIPING 


Specify Naylor Lockseam Spiral- 
weld Pipe for de-watering, gas 
and oil lines, gas and oil gather- 
ing lines, salt water disposal 
sludge lines, threaded surface 
casing, vacuum lines, syphon 
pipe, tank gauge and tank swing 
pipe. Sizes from 4 to 30” in 
diameter—lengths up to 40 feet 
—thickness from 14 to 8 gauge. 
All types of fittings, connections 
and fabrication. 


MID-CONTINENT SUPP 


Fort Worth Texas 


LY COMPANY 





Gnd Branches 
a 
clusiv aistributor Ar 
ArTxa 8as 
Louisia a, New M ( I 
Jklahoma 


NAYLOR PIPE COMPANY 


1232 EAST 92nd STREET @© CHICAGO 19, ILLINOIS 
NEW YORK OFFICE: 350 Madison Avenue, New York 17, N. Y, 
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ORBIT 


VALVES 





DRILLING VALVES 
ARE QUICK OPENING 


ONLY 2% to 5 TURNS ARE 
REQUIRED TO FULLY OPEN 
OR CLOSE THE ORBIT DRILL- 
ING VALVE. THE SEATS ARE 
PROTECTED AGAINST 
DAMAGE FROM DRILLING 
TOOLS AND WIRE LINES. 





Orbit Flanged End Drilling Valve 


ORBIT DRILLING VALVES 
ARE AVAILABLE IN BOTH 
FULL OPENING AND NOM- 
INAL OPENING SIZES. WITH 
FLANGED OR SCREWED 
ENDS. 





See 1944 Composite Catalog 











SERVICE REPRESENTATIVES 


R. G. “Bob” Cole, Houston, Texas 
Phone Fairfax 0057 


Warehouse: 407 Velasco Street 
Houston 


Rex E. Galloup, Phone 6436, 
Lubbock, Texas 








ORBIT VALVE 


COMPANY 


pee) BY-Wale) 4m NN leyy.\ 
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erate at a direct cost of about 10 cents 
per bbl., but this figure is not significant 
to companies that already own tank 
ships, because they would have to invest 
new capital in the pipe line and find oth- 
er uses for their ships or scrap them. The 
tariffs for the 24-in. line from Longview 
to New York at throughputs of 300,000 

and 200,000 bbl. per day would have to 
be 20.5 and 26.5 cents per bbl. respec- 
tively, if the line were to earn enough to 
pay out in 10 years (by using 7 per cent 
earnings and depreciation cash for amor- 
tization of investment). These rates are 
not competitive with the marginal cost 
of tanker transportation. 


As the 24-in. line originates at Long- 
view and tankers load at Gulf ports, feed- 
er-line costs to each loading point must 
be considered. Except for East Texas 
and West Texas crudes, feeder-line costs 
to Longview are higher than to Gulf 
ports. If East Texas crude were avail- 
able for movement east, shippers in the 
24-in. line would enjoy a saving equal to 

«the cost of transporting this crude to the 
Gulf and loading on board ship. Pub- 
lished tariff rates for this haul are 7.5 
and 10 cents per bbl., and these differen- 
tials plus 1.5 cent terminal costs at the 
Gulf would about equal the difference 
between the 20.5 cents pipe line tariff 
(for 300,000 bbl. per day) and the 11.4 
cents marginal tanker cost. However, 
most shippers of East Texas crude are 
now served by pipe lines to the Gulf, and 
these lines, as well as tankers, would 
also operate at or near marginal costs 
before losing the business. This would 
so reduce the differential that it is doubt- 
ful whether owners of present facilities 
could justify the purchase of one of the 
War Emergency lines even for the trans- 
portation of East Texas crude. 

If there were shippers in District 3 that 
needed to acquire new and additional 
transportation facilities to the East 
Coast, they would weigh the profitability 
of investing in one of the War Emergency 
lines against an investment in tankers. 
In both cases such charges as deprecia- 
tion, interest on investment and profits 
would be considered. If such shippers 
could load the line.ygith crude from the 
East Texas field,-they weuld enjoy an 
advantage over tankers of from 3.5 to 
12 cents per bbl. (based on a 10-year 
payout of both types of facilities) as 
shown by Table 20. 


It seems unlikely that enough East 
Texas crude could be made available to 
provide one of the War Emergency crude 
lines with a load of 200,000 bbl. per day 
or more, and accordingly some crude 


West Texas crude can be delivered into 
the War Emergency line at Longview 
about as cheaply as on board ship at the 
Gulf. Theoretically, if shippers that need- 
ed-new transportation could give the 24- 
in. line a load of 100,000 bbl. per day of 
* West Texas and 100,000 bbl. per day of 
East Texas crude, they would enjoy an 
average feeder-line advantage over tank- 
ers as shown in Table 21. 

Practically, this plan may never be 
adopted because the shippers that re- 





quired new transportation probably 





must be brought from another source. ' 








a> 
TABLE 20 
Advantage of 24-in. pipe line over 
tankers in transporting East Texas 
field crude to the East Coast. 
Cents per bbl. 





24-in. 
pipe line 


Tariff or charter rate to New 





_Yor 1 
Field gathering charge... . . 50 
Feeder-line tariff to Gulf... . 7.5-10.0¢ 
Delivery or loading charge. . is 2 
5 








~~ of pipe line over 





*For lead of 300,000 bbl. per day. 
{For load of 200,000 bbl. per day. 


{Present pipe-line tariffs vary from 7.5 to 10 cents 
per bbl. 











would not have enough business to give 
the line an economic load and, moreover, 
probably could not match their West 
Texas shipments with East Texas crude 
in order Yo enjoy the average advantage 
in feeder-line costs. Also existing West 
Texas-East Texas pipe lines are of limit. 
ed capacity and only under most favor. 
able adjustments in traffic could they 
transport as_much as 85,000 to 100,000 
bbl. per day of West Texas crude to 
Longview. New lines would require new 
investments and, therefore, tariffs high 


J. H. SMITH 
* Partner 





CONTRACTING 
COMPANY 


ODESSA,TEXAS 
MAIN BUSINESS OFFICE 
WORTH NATIONAL BANK 
FORT WORTH 2, TEXAS 





FORT BLDG. 


— 
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enough to pay back the capital, whereas 
the several existing trunk lines from 
West Texas to the Gulf would operate at 
marginal cost before losing the traffic. 

Transportation of refined products 
from Gulf Coast refineries to East Coast 
markets. Enough products business is 
expected to be available through 1948, 
and probably much longer, to fill either 
the 20-in. or 24-in. line, and the determi- 
ning factor will be the ability of the lines 
to compete with tankers. 


If all bad pipe were eliminated so that 
the 20-in. line could be operated at 235,- 
000 bbl. per day on gasoline, its direct 
cost would exceed that of tankers by 
more than 2 cents per bbl. If operated to 
capacity on multiple batches including 
heating oil, its direct cost would exceed 
that of tankers by about 3 cents per bbl. 
For an 8-year payout the pipe line tariff 
would have to be 25.5 cents per bbl. at 
the 180,000-bbi.-per-day maximum rate 
for multiple products. On a comparable 
payout basis, the tanker rate would be 
about 20 cents per bbl. 


The loading cost at Gulf ports will be 
practically the same for the two methods 
of transportation. However, as the pres- 
ent pipe line terminal point, New York 
is a large refining center, products de- 
livered there by pipe line must move up 
and down the coast to market and thus 
incur an added distribution cost of from 
7 to 10 cents per bbl. Against this, little 
or no additional cost is involved in rout- 
ing tankers to any port north of Hatteras. 


Tankers can be equipped to transport 
cargoes of as little as 5000 or 10,000 bbl. 
of branded products without contamina- 
tion, whereas the 20-in. products line 
under most favorable batch combinations 
must limit shippers to minimum batches 
of at least 75,000 to 100,000 bbi. 

Finally, owners of either of the War 
Emergency lines, if operated on prod- 
ucts, would face the same competition 
from owners of tanker fleets as was point- 
ed out in the foregoing section on crude 
transportation. Most of the larger pros- 
pective shippers are expected to have 
ample tanker capacity for their needs, 
and they will operate their tankers at 
marginal costs approaching 10 cents per 
bbl. before investing new capital in a 
pipe line that would require tariffs of 
from 21 to 28 cents per bbl. (depending 
on type of products and load factor) to 
pay direct costs and amortize investment. 
Of course, if there should be a world 
tanker shortage at the end of the war, 
the two pipe lines would fill an imme- 
diate need of the American petroleum 
industry for transporting petroleum to 
District 1, but whether they could hold 
this place permanently seems doubtful. 

General considerations applicable to 
tanker competition with both crude and 
products pipe lines for East Coast traf- 
fic are: 

1. A tanker fleet can be operated as 
an integral part of a large oil company, 
Whereas the restrictions of certain state 
laws and of the Interstate Commerce Act 
discourage or even prevent the operation 
of pipe lines except by a separate corpo- 
ration with resultant additions in over- 
head and taxes. 





TABLE 21 
Advantage of 24-in. pipe line over 
tankers in transporting equal vol- 
umes of East Texas field and West 
Texas crude to the East Coast.* 

















Cents per bbl. 
24-in. 
pipe Tankers 
e 
West Texas crude: 
Tariff or charter rate, Longview or 
Gulf to New York............. 26.5 |21.0 
Field gathering charge.......... 5.0 | 5.0 
Feeder-line tariff to Longview or 
LSA ee 20.0 |20.0 
Delivery or loading charge....... 1.5 
MS i a ioeaiceabals 51.5 |47.5 
East Texas crude: 
Tariff or charter rate ,Longview or 
Gull to Now York............; 26.5 |21.0 
Field gathering charge.......... 5.0 5.0 
Feeder-line tariff to Gulf........ 7.5-10.0 
Delivery or loading charge....... 1.5 
fo, Tee 31.5 |35.0-37.5 
Average total cost of West Texas 
and East Texas crudes in New 
York (50-50 basis)............. 41.5 |41.2-42.5 
Advantage of pipe line over tankers 0-1.0 





ym, or total combined movement of 200,000 bbl. per 
y. 











2. Pipe line earnings are subject to 
the limitations of the Department of Jus- 
tice’s consent decree as regards their «is- 
tribution to shipper owners. As shippers 
are probably the only group that might 
guarantee enough business to justify the 
financing and operation of the War 
Emergency lines, they may be expected 
to avoid expenditures of capital for pipe 
lines if other forms of transportation are 
as cheap. This advantage of tankers 
could be met only by a substantial mod- 
ification of the consent decree. 

3. An investment in tankers is less 
hazardous than in pipe lines because of 
the flexibility of the former in serving 
various points of origin and of demand. 
If domestic movements should decline 
below economic levels, the pipe lines 
would be worthless, but tankers could 
be diverted into active channels of world 
commerce. 

4. The maintenance of a tanker fleet 
in good operating condition is fully as 
important to the national safety as the 
maintenance of the War Emergency pipe 
lines. 

Crude transportation from District 3 
or East Coast ports to District 2. From 
an over-all] statistical position, it would 
seem that existing privately owned pipe 
lines have enough capacity to carry the 
expected quantities of crude to be ship- 
ped from District 3 to District 2 through 
1946; after that important movements 
into District 2 will require new pipe lines 
or barges. Some transportation business 
into District 2 might even be acquired 
by one of the War Emergency tincs in 
the first postwar years because their Jow 
unit operating cost may enable them to 
take business from existing lines; also, 
some shippers may need new and aidi- 
tional transportation facilities even 
though others may have an excess. 

At load factors of only 50 per cent, the 
War Emergency 24-in. and 20-in. lines 
can transport crude from Longview or 
the Gulf to District ‘2 (Norris City) at 
direct costs of only 5.1 and 7.3 cents per 
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bbl., respectively.° Corresponding. tar- 
iffs that will yield revenues equivalent to 
a 10-year payout would be 14 and 15 
cents per bbl. If economics dictate that 
imported crudes are to be transported 
into District 2 from East Coast ports, 
either one of the War Emergency lines 
can handle such business at lower costs 
than any other method of transportation. 

Use of one of the War Emergency lines 
would be so attractive to shippers of East 
Texas crude that, despite other demands 
for this oil, enough might be tendered 
for transportation to District 2 to load 
the 24-in. or the 20-in. line (with the nec- 
essary connecting line) to 50 per cent of 
capacity. Crude from other sources would 
be less attractive because of feeder-line 
costs but the 20-in. line would provide 
cheap transportation for crude originat- 
ing on the Upper Gulf Coast. Southwest 
Texas crude, if needed for quality, could 
be shipped most cheaply by tanker or 
barge to Baytown or Beaumont, thence 
by the 20-in. line into District 2, but West 
Texas-New Mexico crude, because of the 
cost of the roundabout haul to the Gulf, 
could not be handled economically 
through the 20-in. line if space were 
available in existing direct lines from 
West Texas to District 2. 

Mot existing lines, however, have cer- 
tain advantages that will assist them in 
meeting this competition. It seems un- 
likely that tariffs to pay out the invest- 
ment in either of the War Emergency 
lines, plus feeder and delivery line costs, 
would be low enough to divert traffic 
from the more efficient of the pipe line 
systems now serving District 2. Also, 
most of these lines directly connect the 
refineries they serve with sources of sup- 
ply. Inasmuch as neither War Emer- 
gency line reaches the large refinig cen- 
ters of District 2, crudes shipped over 
either line would have to bear the cost 
of transshipment from some terminal 
point on the War Emergency lines to re- 
fining centers. Refiners now require seg- 
regation of different crudes and crude- 
and-products blends. Existing pipe line 
systems, which usually have been de- 
signed to satisfy the particular require- 
ments of one or two refineries, are bette: 
adapted to handling several grades or 
blends than a large system, which either 
must ship “common stream” crude ot 
large batches of each grade or blend. If 
large batches are handled, refineries 
must have large storage facilities and 
must accept intermittent deliveries, with 
the further result that one refiner’s sched- 
ules will be compromised with schedules 
of others. Modern pipe line systems serv- 
ing one or two refineries frequently blend 
crudes or crudes and products at origi- 
nating points in the fields, thus saving 
the cost and losses incident to blending 
at refineries. These factors, as well as 
cost, are so complicated that they can- 
not be analyzed in general terms but 
must be studied by each company 1n the 
light of its own operations. 

Tank car transportation of crude from 
District 3 or the East Coast into District 





®The direct costs of the 20-in. line in Tables 14 
and 16 should be increased by 0.5 cents per bar- 
rel for the transportation of crude instead of 
gasoline. 
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2 is not expected to be competitive with 
the War Emergency lines. Barge trans- 
portation of crude will probably be con- 
fined to movements of crudes from such 
fields as Tinsley, Mississippi, and Holly 
Ridge, Louisiana, which can reach Mis- 
sissippi River terminals by stub lines for 
barging up and down river to refineries. 
Large movements of crude by barge from 
Gulf Coast fields to District 2 refineries 
would not be competitive with movement 
through either of the War Emergency 
lines. 

The possible utilization of the War 
Emergency lines for crude transporta- 
tion into District 2 would probably be 
restricted to the southwestern leg of one 
line, or to the eastern leg (in reverse 
direction) of one line if low cost foreign 
crude were imported at East Coast ports 
to replace District 3 crude at District 2 
refineries. Consideration of the latter 
problem involves such questions as world 
supply and production costs, national 
policy with respect to importations of 
crude oil, and others beyond the scope of 
this paper. 

Transportation of refined products 
from District 3 or East Coast refineries 
to District 2. Over-all district statistics 
indicate that no products beyond those 
which can be transported in existing 
lines will be needed in District 2 for the 
period of the estimate. In fact, these 
products lines will have about 39,000 
bbl. per day of excess capacity. As Dis- 
trict 2 refineries will have enough capac- 
ity to fulfill the district’s requirements 
until 1948 or 1949, it may be expected 
that there will be an urgent demand for 
crude to supply them and therefore the 
first utilization of one of the lines will be 
for crude transportation. 

If enough total products business could 
be obtained to justify the operation of a 
segment of one War Emergency line, 
such line would provide the cheapest 
form of transportation from large Gulf 
Coast or East Coast refineries to markets 
in Missouri, Illinois, Kentucky, Indiana 
and Ohio although purchasers of War 
Emergency lines would have to establish 
tariffs high enough to meet direct and 
fixed charges and provide profit for a 
reasonable payout of their new invest- 
ment. 

Tables 14 and 16 show direct costs ot 
shipping gasoline through the 20-in. line 
from Baytown-Beaumont to Norris City 
and from New York to Norris City. De- 
pendent on load factor or throughput, 
the costs from Baytown-Beaumont to 
Norris City vary from 5.5 to 7.0 cents 
per bbl. Comparable costs for the New 
York-Norris City movements vary from 
6.5 to 8.0 cents per bbl. If batches of va- 
rious products, including heating oil, 
were shipped, the Baytown-Beaumont to 
Norris City direct cost would be increas- 
ed by a fraction of a cent per barrel. The 
tariff rate for earnings of 7 per cent of 
fair value (8-year payout) would vary 
from 10 to 15 cents per bbl., depending 
on load factor. Similar tariffs from New 
York to Norris City would vary from 
11.5 to 17 cents per bbl. 


The venture, however, would face 
many obstacles. The District 2 market is 
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presently served chiefly by refining com- 
panies, which in turn receive their crude 
supplies by existing pipe lines. Assum- 
ing that refining costs in District 2 are 
about the same as those on the East 
Coast and only slightly higher than those 
in Gulf plants, most existing refineries 
and pipe lines in District 2 would be in 
position to meet the competition of such 
imported products. 


It is estimated that the 20-in. line 
should not run at a rate below 120,000 
bbl. per day because of excessive batch 
contamination. In order to finance the 
purchase of this line or one leg of it, a 
backlog of, say, 100,000 bbl. per day of 
business should be committed to the 
line. At the present time no single Gulf 
refiner is in a position to load either line 
with products and a new pipe line com- 
pany would have to seek business from 
several shippers. 


Most companies now marketing in the 
territory have their own refineries in 
District 2 and facilities for transporta- 
tion of crude oil, finished products, or 
both. Companies that do not now market 
in the Ohio Valley would enter the ter- 
ritory at a serious disadvantage because 
business would have to be obtained in 
substantial volume from the very begin- 
ning. To do this, new marketers would 
have to purchase a considerable part of 
their distribution and terminal facilities 
and retail outlets in highly developed 
marketing territory, and these costs 
would be substantial. It would not be 
possible to follow the usual practice of 
slow and methodical “infiltration” into 
the new territory. 


Although the Project Five products 
pipe line system does not officially cross 
the District 2 line, it is directly com- 
petitive with War Emergency in that 
much of its throughput is barged up- 
river from Helena. Considering that the 
investment has already been made, own- 
ers of this line, like others competing 
with War Emergency, will probably op- 
erate it at marginal cost before shutting 
it down unless parts of the system should 
be needed again for other purposes. Thus 
the Project Five line may be an impor- 
tant factor, as its capacity when trans- 
porting gasoline exceeds 50,000 bbl. per 
day and its direct cost plus up-river 
barging may compare favorably with the 
tariff rate of War Emergency to Norris 
City plus up-and-down river barging 
from Paducah. 

Tank car costs are too high from the 
Gulf to points in District 2 reached by 
the lines to be competitive, but barge 
transportation from New Orleans or 
Baton Rouge to points on the Mississippi 
and Ohio Rivers must be considered. As 
shown in Table 19, the direct per-barrel 
cost of barging from New Orleans to 
Paducah is 10.4 cents to Cincinnati, 14.4 
cents, and to Pittsburgh, 19.0 cents. For 
comparison, charter rates for an 8-year 
payout of a complete barge tow would 


‘be 18.5 cents to Paducah, 25.6 cents to 


Cincinnati and 33.7 cents to Pittsburgh. 
If products were to be moved from Beau- 
mont, additional pipe line or barge costs 
of at least 5 or 10 cents per bbl. would 
be incurred. for transporting products to 


Baton Rouge or New Orleans for up- 
river shipment. Barge rates to Paducah 
would not be competitive with the War 
Emergency Lines. 

It must be borne in mind, however, 
that the 20-in. products line may have to 
terminate at some such point as Norris 
City or Cincinnati because of the de. 
crease in velocity and excessive tender 
contamination brought about by the 
dropping off of products. Barges may 
find an economical place in distribution 
of products from this line, as they can 
deliver up-and-down river on the Ohio 
and up the Tennessee and Cumberland 
Rivers and have great flexibility as to 
origin, direction and destination. 

An analysis of the competitive posi. 
tion of the War Emergency lines for 
products transportation into District 2 jg 
extremely complex and is not susceptible 
of generalization. Each company will 
study the problem in light of its own 
business. Those with facilities in District 
2 will be reluctant to accept the eco- 
nomic loss that would be incurred by the 
abandonment of their present plants and 
the investment of additional capital to 
construct new plants on the Gulf. Such 
a shifting of refining capacity would re- 
quire extensive alterations of and addi- 
tions to some crude systems serving en- 
larged Gulf refineries, and, would en- 
tail important alternations to distribu- 
tion systems. Greater flexibility and 
greater safety in war times are added 
arguments which will be advanced in 
favor of maintaining a large refining in- 
dustry in District 2. On the other hand, 
one leg of War Emergency line offers 
low-cost transportation to companies 
with excess products on the Gulf or East 
Coast that are looking for markets that 
can be reached by cheap forms of trans- 
portation. 

@ Conclusion. Although this report 
does not attempt to make recommenda- 
tions as to the disposition of the War 
Emergency lines, it seems clear to the 
writer that they will have difficulty in 
meeting competition. Even if the Gov- 
ernment were willing to consider its in- 
vestment returned by savings during the 
war or were to regard any unreturned 
part of its investment as monies spent 
for the war program, the 20-in. line could 
not compete with tankers for Gulf to 
East Coast products transportation on a 
marginal or out-of-pocket basis; the 24 
in. line could meet tanker costs only if 
enough East Texas crude or combin 
East and West Texas (by direct pipe line 
haul) were tendered for transportation 
to give it a high load factor. It is within 
the realm of probability that enough total 
petroleum business could be obtained to 
give one segment of one line an econ- 
nomic load into District 2 and it may be 
possible for industry to utilize a segment 
of one line for this purpose. 

The Government doubtless would not 
consider the subsidizing of these lines as 
prudent or justifiable, as such action 
would not only harm business but could 
reduce the American tanker fleet 
thus conceivably prove more detrimen' 
to the national safety in the future than 
even the abandonment of the pipe | _ 
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% much for the packing box. Throughout the Ludlow Cast Steel 
Globe Valve you'll find many refinements of design that have 
won the approval of engineers, operators and maintenance men. 
ludlow Valves are long-lasting, efficient, economical . . . . Write 
day for complete catalogs. 
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Mid-Continent Supply Company, Fort Worth, Texas 
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rolled joints. This Airetool development makes it possible 
to speed this work with no sacrifice in results. Airetool Tube 
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because... 
The Airetool Tube Cleaners have a 
28% more powerful motor that can 
be loaded down to 50 R.P.M. and keep on going. A wide 
variety of cutter heads in sizes 1/2” to 24” I.D., equipped 
with NEW FORM cutters that do not track enables you to 
select a cleaner that will overcome your particular tube 
cleaning problem. Turn to Airetool Tube Cleaners for the 
hard-to-do job. 
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The Effect of Superecompressibility of 
Natural Gas Upon Compressor Performanee* 


‘ ROBERT S. RIDGWAY, Standard Oil ‘Company of California 


THE factors relating to the compres- 
sion of gases consisting principally of 
methane at normal pressures have been 
well established and 
we have been able 
to predict the per- 
formance of com- 
pressors operating 
under these condi- 
tions with good ac- 
curacy. When pres- 
sures and tempera- 
tures are such that 
deviations from 
ideal gas laws exist, 
the effect is known 
as supercompressi- 
bility, and the op- 
eration of the compressor cylinder un- 
der such conditions must be thoroughly 
understood in order to predict the vol- 
ume throughput and horespower in- 
volved. 

The effect of supercompressibility is 
very pronounced at high pressures and 
even with so called “dry” gases it may 
be worth recognizing at suction pres- 
sures as low as 200 lb. With “wet” gas 
mixtures and those that are not prin- 
cipally methane, the effect is usually ap- 
preciable at low pressures. This discus- 
sion will be confined to performance at 
high pressures, though the methods pre- 
sented are applicable to performance at 
any pressure if the factors are available. 
When we find a cylinder handling, in 
some cases, a throughput of 150 to 200 
per cent of that calculated neglecting 
supercompressibility, with a horsepower 
requirement in the same order of magni- 
tude, we have a condition that we cannot 
afford to overlook. There seems to be 
some tendency to ignore the effect of 
supercompressibility upon compressor 
performance and to assume that discrep- 
ancies from this source can be neglect- 
ed. It is the aim of this paper to point 
out the dangers of such a practice, to 
indicate the practical value of the proper 
treatment, and to present the methods of 
calculation that recognize this effect. Be- 
cause this phenomenon is usually most 
pronounced at relatively high pressures, 
a discussion of it is very timely as repres- 
suring and cycling operations come to 
the fore. 

@ Compressibility factors. Excellent 
papers and curves on the subject of de- 
viation of natural gas from ideal gas 
laws have been presented in recent years 
and are readily available.1:? The meth- 
ods of calculating compressibility fac- 
tors have been treated adequately and 
need no review here, except perhaps to 
emphasize that the factor is a multiplier. 
used in finding the volume occupied by 





Robert S. Ridgway 





*Presented at the March 1, 1945, monthly 
o—— of California Natural Gasoline Asso- 
ciation. 
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a given weight of “deviated” gas from 
the volume occupied by the same weight 
of gas under ideal gas laws. Curves have 
been published showing compressibility, 
or “Z” factors for natural gases as a 
function of the pseudo-reduced pressures 
and temperatures. A chart showing 
compressibility of natural gases by Dr. 
G. G. Brown!’ is No. P621. in The Petro- 
leum Engineer’s Continuous Tables, 
published February, 1943. It will be re- 
ferred to as Fig. 1. ‘ 
For the gas being compressed it will 
be necessary to determine these compres- 
sibility factors at both suction and dis- 
charge conditions. Normally for any 
compressor problem we know the suc- 
tion and discharge pressures and the 
suction temperature. At once the prob- 
lem arises of how to determine the cor- 
rect discharge temperature under condi- 
tions of supercompressibility. This can 
readily be approximated from entropy- 
enthalpy diagrams in which the devia- 
tion from perfect gas laws has been taken 
into account. Dr. Brown® has published 
a set of these curves covering natural 
gases of gravities between 0.6 and 1.0, 
through wide ranges of pressure and tem- 
perature. Curves for gravities of 0.6 and 
0.7, are shown in this issue on pages 216 
and 217, respectively. They will be re- 
ferred to here as Figs. 2 and 3. From a 
point corresponding to the pressure and 
temperature at suction conditions, fol- 
low a vertical line of constant entropy 
to a point showing the discharge pres- 
sure. The temperature may be read di- 
rectly. This is adiabatic compression, of 
course. If the analysis of the gas is avail- 
able, the exact pseudo-critical tempera- 
ture and pressure (required for use in 
determining the compressibility factor 
from Fig. 1) can be determined by meth- 
ods shown. elsewhere.! If only the gas 
gravity is known, these pseudo-critical 
constants can be closely approximated 
by curves that have been prepared for 
this purpose by the gas measurement 
committee of the C.N.G.A. and they are 
presented in Fig. 4. The pseudo-reduced 


pressure, P, is equal to the absolute pres- 


sure in pounds divided by the pseudo- 
critical pressure, P,. The pseudo-reduced 
temperature, T,, is equal to the absolute 
temperature in degrees Rankine divided 
by the pseudo-critical temperature, T,. 
With this information and Fig. 1 we can 
readily determine the compressibility 
factors for both suction and discharge 
conditions. 

It is important that we get the rela- 
tion between the compressibility factors 
at suction and those at discharge condi- 
tions. To make ‘this clear, the compres- 
sibility factors at several suction condi- 
tions have been plotted on the compres- 
sibility factor curve, Fig. 1, and each of 


P 621. 


these has been connected by dotted lines 
to the corresponding compressibility fac. 
tors at discharge conditions. As an illus. 
tration, ratios of compression of 3 haye 
been chosen, and an intake temperature 
of 60°F. has been selected in all cages, 
Gas gravities of 0.6 and 0.8 have beep 
shown. In general it may be seen 
the compressibility factors are lower, 
suction conditions than they are at 
corresponding discharge conditions, 
cept where the suction pressures 
heavier gases are below the pseud 
ical pressure. In the few cases where 
compressibility factor at suction is hi 
er, there is not much difference bet 
the factors. 

It is interesting to note that the 

crease in temperature due to comp 
sion always tends to raise the compr 
sibility factor at discharge, hence, in 
left-hand area of the curve, this eff 
tends to compensate for the droopi 
curves and equalize the factor at sucti 
to that at discharge conditions. In 
right-hand area where the curves are ris- 
ing, the effect is cumulative, and wide 
differences between factors at suction 
and discharge occur, with the greatest 
deviation from ideal gas laws occurring 
at suction conditions. This characteristic 
is important as it relates itself to the per. 
formance of compressor cylinders at 
high pressures. 
@ Cylinder capacity. Without doubt, 
the clearest method of showing the effect 
of supercompressibility upon the capac- 
ity of the cylinder is the conventional in- 
dicator PV diagram, Fig. 5. The end of 
the discharge stroke, 4, is a point fixed 
only by the construction of the cylinder 
and is the proper starting point for such | 0 
an analysis. The clearance volume, 4,8, | dj 
represents that which is in the cylinder 
head at the end of stroke ‘of the piston. q 
Under ideal gas laws the gas within | th 
this volume would re-expand back to | ¢a 
point 1 according to the accepted volu- 
metric efficiency formula: 


a 

E, =K—C(R"—1) ... @ 
where the value for K is theoretically 
1.0, but is frequently assumed to lie be’ | 
tween 0.95 and 1.0 to allow for ring and | jg 
valve leakages; C is the clearance ™ [ 4, 
per cent, R is the ratio of compressions, 
and n is the exponent for the re-expal- 
sion. If the length of stroke 8, 2 is chosen 
as unity, then the length of the suction 
line 1, 2 is also the volumetric efficiency. 

If the gas within the cylinder at dis 
charge ‘conditions has deviated from 
ideal gas laws and the compressibility 
factor is less than 1.0, the clearance vol 
ume 4, a, contains a greater weight 0 
gas, or more standard cubic feet than 
would be contained in this volume unde 
ideal gas laws. If this volume is ree%- 
panded down to suction conditions, a0! 
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if no deviation from the gas laws occurs 
at this point, then the volume occupied 


m3) or 
Za 

b, 5. The volumetric efficiency in such a 
case is represented by 5, 2. 


by the clearance gas becomes 





Under most conditions as has been . 


shown previously, when there is a devia- 
tion at discharge conditions, the devia- 
tion is still greater at suction conditions. 
In any event, whenever deviation exists 
at all under suction conditions the. vol- 
ume occupied by the reexpanded clear- 
ance gas must be reduced from b, 5 by 
the compressibility factor at suction, Z,, 
which moves point 5 to point 6. (In Fig. 
5 the compressibility factor at suction 
was smaller than that at discharge.) 
Thus we may say that the volumetric 
efficiency under conditions involving su- 
percompressibility can be designated by 
E,, and is determined by correcting the 
“expanded” clearance volume at suction 
pressure under ideal gas law conditions 


— . ” 
by the ratio —*- . This can be written as 


Za 
follows: 7 
to oe Q+c—2) > 
‘d 
E,, =1+C—(1+C—E,) & 
Zi, 
ks (2) 
where C = per cent cylinder clearance. 
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PSEUDO-CRITICAL TEMPERATURE 
GRAVITY OF GAS (AIR 1.0) 





Or we can make the proper correction 
to the volumetric efficiency formula (1). 
Expanding the formula: 


...=t'-co~—oe 
1 
The CR" term applies to the gas that 


is reexpanded, therefore this term must 


“3 
Za 


la to apply under conditions of super- 
compressibility. Under such conditions: 


be corrected by ——~- to permit the formu- 


Ss 


iZ 
E,, = k+C— CR" Z. 


=k—C(R7-—)) . . (3) 


It is obvious at this point that if the 
compressibility factor at suction is equal 
to the compressibility factor at dis- 
charge, even though they do not equal 
1.0, the shape of the card is not changed, 
and E, = E,,. 

Thus we have a method of finding the 
volumetric efficiency under conditions 
involving gases that deviate from ideal 
gas laws. This is essential for the next 
step, that of finding the capacity of the 
cylinder under these conditions. 

The gas that was taken into the cyl- 
inder along the new suction line 6, 2 is 
“deviated” in proportion to the compres- 
sibility factor Z,, and therefore to find 
the actual volume in standard feet of gas, 


PSEUDO.-CRITICAL PRESSURE VS. GAS GRAVITY 


FIG. 4 
PSEUDO-CRITICAL 
HYDROCARBON 
C.N.G.A. DATA 


GAS GRAVITY 


9 1.0 1.1 1.2 


the volume represented by 6, 2 must }, 
divided by Z,. We can now say that: 
Cylinder capacity under conditions jp, 
volving supercompressibility = capagj, 
calculated neglecting supercompres 
E 
Kear: tee ee 
E, X Z, 
= cylinder displacement 
E,,,<suction, lb. per sq. in. abs.529° 
Z, X 14.7 X (460 + t° suction) 
+ + + & + » » £00. eee 
This formula can be used in eithe 
form except when E, = 0. Formula (5; 
must be used in this case. 





@ Capacity problem. In order to cli. 
ify the application of the foregoing, |x 
us solve a problem involving cylinder 
capacity at high pressure. A gas of 0,65 
gravity and 80°F. temperature is to be 
compressed from 1500 to 4500 Ib. per 
sq. in. abs. in a cylinder of 15 per cen 
clearance whose displacement is 45,00) 
cu. ft. per day. It is required to compar 
the capacity of the cylinder when devia. 
tion from ideal laws is neglected ani 
when it is recognized: 
Neglecting deviation, E, = 


K — C(R*— 1) 
assuming the reexpansion “n”= |.) 
K =0.97 


R = 4500/1500 = 3.0 


1 
then E,=0.97—0.15 (3!-°—1) =0.745 
Capacity in std. cu. ft. per day = 
disp. in cu. ft. per day * E, & 





suction in lb. per sq. in. abs. 520 
14.7 T° suction 
1500 


= 45,000 0.745 147 


520 _ 
X S4p = 3:290,000 


For the computations when deviation 
is recognized: The compressibility fac: 
tor at suction conditions is determined 
thus: 

Pseudo-critical pressure, P,, = 670 bb. 
per sq. in. abs. (from Fig. 4). 





Pseudo-reduced pressure, P, = 
P 1500 
— = = 2.24 
P. 670 


Pseudo-critical temperature, T, = 
373°R (from Fig. 4). 

Pseudo-reduced temperature, T, = 

T 540 
Tt, 33° '* 

Compressibility factor at suction, Z, 
= 0.78 (from Fig. 1). 

Similarly, the compressibility factor 
for discharge conditions can be calcv- 
lated: 

From Fig. 2, rising vertically from the 
suction conditions of 1500 Ib. per sq." 
abs. and 80°F., to 4500 lb. per sq. ™ 
abs., the discharge temperature Is set? 
to be 230°F. for a gas of 0.6 gravity: 
Similarly, from Fig. 3, the dischart 
temperature is seen to be 220°F. for 8 
gas of 0.7 gravity. For the required cot 
dition of 0.65 gravity, an average t™ 
perature of 225° may be assumed. 

Pseudo-reduced pressure, P, = 

P 4500 ym 
> we ee =e GTS 
P. 670 
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Pseudo-reduced temperature T,. 
T 685 
= = 184 
T. 37 7 
Z, = 0.98 (from Fig. 1) 


Z 
E,,= 14+-C—(1+-C—E,) X z (2) 
d 


0.78 
- 1.15 — (1.15 — 0.745) X Gog 
- 0.828 
Capacity = capacity neglecting devia- 
a> a 
tion x E, SZ Z. 7 © © © © © 


0.828 
3,290,000 0.745 >< 0.78 
4,690,000 standard cu. ft. per 
day. 
Thus, due to supercompressibility, the 
capacity of this cylinder under these con- 
ditions has been shown to be greater by 
4.69 — 3.29 
3.29 


@ Effect of clearance. Formulas (4 
and 5) being related to volumetric ef- 
ficiency indicate that the correction fac- 
tors obtained therefrom vary with the 
per cent of cylinder clearance. The rea- 
son for this is apparent from the dia- 
gram of Fig. 6. If the clearance volume 
4, a is small, then the volume b, 1 is 





= 42.5 per cent. 


small, and so is the ——“— correction to it, 


. Za 


6, 1. When the clearance 4, a is large, 





b, lis also large and the 7 correction to 
4d 

it makes 1, 6 much larger and a much 
greater proportion to the uncorrected 
E,, 1, 2. Thus, where Z, is not equal to 
Z, it becomes apparent that the greater 
the clearance, the greater is the effect of 
deviation upon calculated cylinder ca- 
pacity. Normally we increase the cyl- 
inder clearance whenever we desire to 
decrease the cylinder capacity. In the 
usual case, where Z, is smaller, this un- 
loading effect is reduced by the deviation 
from ideal gas laws. Indeed, one is en- 
tiled to wonder whether increasing the 
clearance might not increase the cylinder 
capacity instead of decreasing it. Such 
is not the case, though the unloading ef- 
fect due to adding clearance can be 
greatly offset by the application of for- 
mula 2. 

The curve of Fig. 7 is shown to illus- 


‘trate this effect. As in the foregoing ex- 


ample, gas of 0.65 gravity and 80°F. 
temperature is being compressed from 
1500 to 4500 Ib. per sq. in. abs. The com- 
Pressibility factors at suction and dis- 
charge are noted. In curve A, cylinder 
clearances up to 40 per cent are plotted 
against the per cent increase in cylinder 
capacity due to supercompressibility. 

his curve shows that for a clearance of 
40 per cent the cylinder can be expected 
tohandle 201 per cent of the volume cal- 
culated neglecting the deviation. At 0 
per cent clearance there is obviously no 
volumetric efficiency correction. The in- 
crease of capacity to 128 per cent at this 


oe 1 
Point is merely —— or ——— 

ae 
horsepower has not been discussed as 


. Although 
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yet, it is plotted as curve B to make the 
group complete and to correspond with 
curve A. It is obtained merely by multi- 
plying the per cent increase in capacity 
as shown in curve A by 61.6/70, which 
is the ratio of horsepower per million 
std. cu. ft. per day when recognizing su- 
percompressibility to the horsepower 
factor neglecting it. Curve C shows the 
decrease in cylinder capacity and horse- 
power with increase of clearance when 
no deviation occurs, using the capacity at 
0 per cent clearance as 100 per cent. This 
curve merely constitutes a plot of the 
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normal volumetric efficiency versus clear- 
ance relationship. Similarly, curve D 
plots E,, and shows the decrease in ca- 
pacity and horsepower due to adding 
clearance, when the capacity and horse- 
power at 0 per cent clearance are taken 
as 100 per cent, and the computations are 
corrected for the deviation from ideal gas 
laws according to the foregoing. The 
comparison of curve D with curve C 
shows the reduction in the unloading ef- 
fect of adding clearance due to the devia- 
tion under these particular compressibil. 
ity factors. Curves E and F are plotted to 
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show the capacity and horsepower due to 
supercompressibility if the capacity and 
horsepower of the same cylinder at 0 per 
cent clearance neglecting the deviation 
equals 100 per cent. 

@ Horsepower requirement. The effect 
of supercompressibility upon the horse- 
power of the cylinder is clearly shown 
on the indicator diagram. In a manner 
similar to that by which we corrected 
the reexpansion line, we can also correct 
the compression line. On Fig. 6 where 
Z, is greater than Z, (greater deviation 
from ideal gas laws at suction condi- 


tions) it is apparent that as the gas is be- 
ing compressed, the deviation thereof 
will be reduced, and it will occupy a 
greater volume than it would have done 
had the deviation remained unchanged. 
By applying the ratio of compressibility 
factors at various pressure increments to 
those at intake conditions and correct- 
ing for the slight temperature differences, 
the true compression line can be plotted. 
This is shown on Fig. 6 as 2, 7. It is ob- 
vious what happens to the horsepower 
requirement of a cylinder handling gas 
under the conditions shown. It is in- 





FIG. 7. EFFECT OF SUPERCOMPRESSIBILITY UPON COMPRESSOR CYLINDER 
OPERATIONS FOR CONDITIONS SHOWN. 
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creased both on the compression and re. 
expansion ends of the cylinder, and, of 
course, the cylinder with the largest 
clearance provides the greatest percent. 
age increase. 

A great deal of confusion has centered 
around this point. Under most conditions 
of supercompressibility the horsepower 
required to compress a given weight of 
gas will be less than for ideal gas lay 
conditions. For any particular compres. 
sor cylinder, however, if the deviation of 
the gas being compressed is greater gt 
suction, that cylinder will handle an ey. 
cess of gas great enough to more than 
offset the reduced horsepower per pound, 
and for this reason the horsepower re. 
quired by the cylinder will be increased 
beyond the requirement for gases that 
do not deviate from ideal gas laws. From 
the indicator diagram it will be appar. 
ent that the only condition for which the 
size of the card (and therefore the horse. 
power of the cylinder) will be unchanged 
under conditions where the gas deviates 
from ideal gas laws will be that where 
the compressibility factor is the same 
at discharge as it is at suction conditions. 
In such a case the cylinder will handle 
an increased weight of gas as compared 
to ideal gas law conditions, due to Z, 
in the denominator of formula (4). Be. 
cause the horsepower for this cylinder is 
unchanged, then obviously the horsepow- 
er per pound is reduced. Usually, how. 
ever, Z, is less than Zy and therefore we 
can generalize by saying that under most 
conditions of supercompressibility, the 


“horsepower per million” is decreased, ° 


but the horsepower per cylinder is in- 
creased. It is obvious that we must not 
confuse the two cases. 


@ Horsepower by approximate meth- 
od. As from the foregoing we can deter- 
mine the capacity of any cylinder when 
handling gas that deviates from ideal gas 
laws, we have only to know how to obtain 
the horsepower per pound, or per mil- 
lion standard feet of gas under such con- 
ditions in order to determine the horse- 
power required for the cylinder. Several 
methods have been developed to provide 
it. The author has developed a very 
rapid approximate method that, in the 
solution of a number of problems cover- 
ing a wide range of conditions, has given 
a maximum error of 2 per cent. 
method of determining the horsepower 
requirement consists of averaging the 
compressibility factor at suction with 
that at discharge and taking the average 
as the per cent by which the horsepower 
per million neglecting supercompress! 
bility is multiplied to find the corres 
ponding horsepower per million cubic 
feet per day, measured at 14.7 lb. per 84- 
in. abs. and suction temperature when sU- 
percompressibility is considered. 

Fig. 8 is shown, slightly exaggerated, 
to illustrate what has been done in 
approximate method. The solid card 
a,b,c,d would exist when compressilg 
gas without deviation from the gas laws. 
If the stroke on a single acting pisto® 
in the same cylinder is shortened sot 
the cylinder takes in the same weight 
of gas when it deviates from the g48 
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Yar THE CLEVELAND TRENCHER COMPANY ‘ow 
7 





a. Rit. tose 
There’s a “CLEVELAND” Model that will exactly 
fit the job for every type of pipe line ditching, 
whether it’s long main lines, gathering systems, 


disposal lines, reconditioning or take-up— 


Many years of pioneering and specializing in the 
construction of ditching machines plus the expe- 
rience, gained from close contact with pipe line 
construction work on hundreds of projects, enable 
CLEVELAND engineers to help you select the logical 
machine to meet your ditching problems. Avail 
yourself of this ees ee 


oe | 


20100 ST. CLAIR AVE. “Pioneer of the Small Trencher” CLEVELAND 17, OHIO Vv 


"“CLEVELANDS’ Save More...Because they Do More 
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laws, the card would become e,f,g,d. If 
we displace e,f to a,r, card a,r,g,d de- 
fines an area almost identical to e,f,g,d. 
The author’s method of obtaining the 
horsepower by averaging Z, with Z, pro- 
duces the card a,x,y,d. The amount by 
which area A differs from area B in per 
cent of the total card is the major error 
in this assumption. Obviously, in the 
case where Z, equals Z, the “n” values 
are not changed and this method is 
exact. In such a case the card would be 
a,r,8,d. 

The statement was made that the 
greatest error found in the author’s 
method of approximating the horse- 
power was 2 per cent. What was consid- 
ered to be the exact horsepower require- 
ment was obtained by the tedious meth- 
od of accurately plotting the normal: 
indicator card to scale, then correcting 
it for supercompressibility at numerous. 
intermediate ‘pressure levels on the com- 
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Z 
pression stroke by the ratioof —" and 


Z, 
T'~ 


a For the reexpansion line correc- 
P 


tion, the clearance gas was corrected by 





Zp 


Za 


areas of the normal and the supercom- 
pressibility cards were then accurately 
measured. After correcting for the in. 
creased weight of gas in the cylinder 
when it had deviated from ideal gas 
laws, the horsepower per unit weight of 
gas was obtained for both cases. The ra- 
tio of the two was then obtained. This 
ratio was then applied to the accepted 
brake horsepower charts to provide the 
exact b. hp. per mm. cu. ft. for compres- 
sion involving supercompressibility. This 
laborious method was only used to check 
the accuracy of the several methods of 
making horsepower determinations. 


the ratio 





for several pressures. The 


@ Horsepower by average “n.” Edmis. 
ter* has suggested that the horsepower 
required for hydrocarbons that deviate 
from ideal gas laws might be closely 
approximated if we knew the “n” valye 
of the compression line both at the he. 
ginning and the end of compression, and 
used the average of the two in the 
theoretical horsepower formula: 


144P,V n n—|l 
Ho= —~-3 1 ari R ao 
Pp 33,000 (74) n 1 
This article dealt with hydrocarbons 


at relatively low pressures, and the G 
i 


ratio table presented therein would not 


cover the range of high pressures that 


are the subject of this discussion. Hoy. 
ever, the method gives a fair approxima. 
tion for the horsepower in the high pres. 
sure area, provided we realize that the 
horespower formula above is based upon 
perfect gas laws, and that the V, term 
must be corrected by the compressibility 
factor at suction. In this formula it will 
be recalled that to determine the horse. 
power per million standard feet per day 


. 1,000,000 
it is customary to substitute ———— 
, 1440 


for V,, and 14.7 for P,. regardless of 
what the actual initial pressure and vol- 
ume might be. Such a procedure is predi- 
cated upon the assumption that Boyle's 
law holds, and that the term P, V, =k. 
When Boyle’s law does not hold, the 
product of P, V, will likely be much 
smaller at suction conditions than at at- 
mospheric pressure. Hence, to make it 
correct for the proper suction pressure 
we must multiply P, V, at atmospheric 
pressure by Z,. In our concept of horse- 
power we should recall the definition 
for work, which is the product of force 
times distance. If the gas deviates from 
Boyle’s law, and the volume of gas to 
be compressed occupies a space smaller 
than Boyle’s law would indicate, then 
the distance through which the force 
(piston) must act is reduced, and the 
work, and thus the horsepower per 
pound, is lessened. 

The method of determining the horse- 
power by use of the average “n” is te- 
dious but not difficult. The slope at the 
extreme ends of the compression line 
after making the supercompressibility 
and temperature corrections is deter- 
mined by the familiar graphical solu- 
tion, well described by Gill®. The aver- 
age provides the “‘n” value needed. When 





. . p s 
someone provides us with C ratios 
v 


(“n” values) that will exist at suction 
and discharge conditions at the pres- 
sures being considered, this method of 
calculating the horsepower requiremem 
will be greatly simplified. Differences up 
to 9 per cent between this “average 0D 
and the “exact” methods, previously de- 
scribed, have been noted when used in 
the high pressure range. Values so de- 
termined are nearly always low. 


@ Horsepower from Mollier diagrams. 
A simple method of finding the horse- 
power per pound or per million standard 
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...0n pipe lines, service lines, and gas holders 


IPE LINES, the life lines of Amer- 

ica’s millions, now have protection 
against their insidious enemy . . . 
corrosion. As they wind across the 
country, bringing the flow of gas 
and oil, they wear a moisture-proof 
overcoat . . . an overcoat made of 
Dearborn NO-OX-ID, the original 
tust preventive, and its ally, NO- 
OX-IDized wrapper. 

Let the snow and rain beat down! 
Let corrosive chemicals in soils gnaw 
away; let sand and gravel in river beds 
grind against the pipe! The NO-OX- 
ID film with its chemical inhibitors 
clings tenaciously and keeps the 





metal surfaces like new; the NO-OX- 
IDized wrapper fits snugly over all 
and rebuffs corrosion and rust to a 
lasting defeat. 

The performance of NO-OX-ID in 
protecting the nation’s pipe lines has 
led to its extensive use in repelling 
corrosion on service lines under city 
streets, on gas holders, and on in- 
numerable metal structures of the 
gas and petroleum industry. 

NO-OX-ID is looking toward a 
busy future. Executives with a keen 
eye for maintenance cost reduction 
will continue specification of NO- 
OX-ID materials for protection of 


The ORIG 


Dearborn Chemical Company 


their property from corrosive ele- 
ments. Write for complete data. One 
of our service engineers, all of whom 
specialize in solving rust prevention 
problems, will be glad to help you solve 


yours completely and economically. 





INAL RUST PREVENTIVE’ 





D pt. L, 310 S. Michigan Ave., Chicago 4, Il. of 
New ‘York e Los Angeles e Toronto 
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feet per day has been worked out for 
us by Dr. G. G. Brown in the entropy- 
enthalpy or Mollier diagrams for natu- 
ral gases*, shown in Figs. 2 and 3. These 
diagrams have been developed from the 
chart of Fig. 1 and recognize the devia 
tions from ideal gas laws. The enthalpy, 
or total heat in B.t.u. can be read at a 
point corresponding to suction condi- 
tions, and by assuming that the work of 
compression follows the adiabatic path 
of constant entropy, a vertical rise to 
discharge conditions will indicate the 
B.t.u. enthalpy at this level. The differ- 
ence, expressed in B.t.u., is the work 
done in raising one pound mole of the 
gas from suction to discharge conditions. 
This can readily be converted to horse- 
power per million standard cubic feet 
per day from the knowledge that one 
pound mole of gas occupies 379 cu. ft. 
at 14.7 lb. per sq. in. abs. and 60°F. if 
Z = 1.0. And at standard conditions of 
pressure and temperature, any “devia- 
tion” is neglgible and Z can be assumed 
to: be 1.0. 

Thus, for any of the Mollier diagrams, 
the B.t.u. difference shown for compress- 
ing the gas from one condition to an- 
other is the B.t.u. required to compress 
379 cu. ft. through this range. Know- 
ing that 1 B..u. = 778 ft.-lb. we can 
determine the conversion factor from 
B.t.u. to theoretical horsepower per mil- 
lion standard feet per day by the expres- 
sion: : 

Theoretical hp. per mm. std. cu. ft. per 
A B.t.u. X 1,000,000 778 

379 24 X 60 X 33,000 
= /\Btu. & 0.0432 

It must be remembered that the Mol- 
lier charts provide B.t.u. per pound- 
mole, and therefore the horsepower de- 
termined therefrom will be the horse- 
power per million standard feet per day. 
when the gas is at the suction tempera- 
ture that was used in reading the Mol- 
lier chart. ‘. 

By application of the proper factors, 
this theoretical horsepower can be con- 
verted to brake horsepower. The fac- 
tors involved, are the compression ef- 
ficiency, which represents principally 
the compressor valve losses, and the me- 
chanical efficiency of the compressor. 
These losses vary with the design of 
equipment, speed, ratio of compression, 
etc. A comparison of the theoretical] 
horsepower required per million cubic 
feet per day at 14.7 lb. per sq. in. abs. 
and suction temperature: 


day = 





Horsepower = 44.6 X —7 


(r = 1). (7): 


and the charts showing brake horse- 
power per million for hydrocarbons as 
published by Worthington® indicate that 
these combined efficiencies vary with ra- 
tio of compression as shown on Fig. 9. 
These efficiencies can be used for the 
determination of brake horsepower from 
the theoretical horsepower obtained 
from the Mollier charts. 


@ Horsepower problem. When applied 
to the same problem that was used to 
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demonstrate the capacity calculations, 

we can determine the horsepower re- 

quirements by the author’s method as 

follows: Averaging the compressibility 
+7 0.78 , 

Z. : Za 7 — — 0.88 


(The “exact” method as described 
above gave a factor 1.6 per cent lower 
than this.) B. hp. per mm. std. cu. ft. 
per day neglecting supercompressibility 
= 70.0 (from b. hp. charts). B. hp. per 
mm. std. cu. ft. per day recognizing 
supercompressibility = 70 x 0.88 = 


factors, 





- 61.6. The decrease due to supercom- 


pressibility is 12 per cent. 

The capacity of the cylinder was pre- 
viously shown to be increased to 4,690,- 
000 std. cu. ft. per day under conditions 
of supercompressibility, therefore the 
B. hp. for the cylinder = 4.69 X 61.6 = 
289. 

If supercompressibility were neg- 
lected, the load on this cylinder would 
be calculated to be 3.290 & 70.0 = 230 
b. hp. The load increase due to the devia- 
tion from ideal gas laws is obviously 


289 — 230 
230 


The problem is a typical one. The ca- 
pacity of the cylinder has been increased 
42.5 per cent. The brake horsepower per 
million per day has been reduced 12 per 
cent by the effect of the deviation, but 
this gain in unit horsepower has been 
more than offset by the increase in cylin- 
der capacity, resulting in an increase in 
cylinder horsepower of 25.6 per cent. 
Curve B of Fig. 7 shows the percentage 
increase in horsepower due to super- 
compressibility for cylinders of various 
clearances, operating under the same 
conditions that were used for this prob- 
lem. Certainly the wide differences 
caused by this phenomenon are of such 
an order of magnitude that they cannot 
be ignored. The conditions of gravity, 
temperature, and compression ratio are 
probably quite similar to those found in 
cycling plants, hence the curves shown 
could be typical of actual field condi- 
tions. 

One is entitled to ask, at this point, 
that if supercompressibility is sometimes 
ignored when computing compressor cyl- 
inder sizes or determining capacity and 
horsepower, why more trouble has not 
been encountered on such jobs? In the 
first place, it is problematical as to 
whether or not this practice of neglect- 
ing supercompressibility is really wide- 
spread. High pressure installations are 
increasing, but their number is still rela- 
tively small, and what trouble has been 
caused from this source is rather hard to 
learn. If an operator handles more gas 
than he expects, he doesn’t usually re- 
gard it as trouble. If his high pressure 
cylinder is greatly overloaded, it is 
usually only one of several cylinders on 
a single compressor, and the other cylin- 
ders often work on other services so that 
the overload is only on one cylinder out 
of the group. If a gas and load excess 
occurs on a unit carrying only high pres- 
sure cylinders, removal of a valve or 
addition of extra clearance usually reme- 
dies the situation so easily that it is not 


= 25.6 per cent. 


considered a problem. The modern gas. 

engine-driven compressor is so “over. 

powered” that it will take large over. — 
loads without much disturbance. Fre. 
quently the gas in a repressuring or- 
cycling plant is two-staged, with cylin. 
ders of both stages on each compressor, 
In such cases the low pressure cylinde 

is usually not greatly affected by super, — 
compressibility. The high presspre cylin. 
der probably is. But the volume handled 
by each compressor unit is fixed by the 
capacity of the low pressure cylinder, 
therefore the excess capacity of the high 
pressure cylinder due to gas law devia. 
tion only serves to lower the interme. 

diate pressure, and therefore no appre. 
ciable increase in capacity for the unit 
is obtained. Because the intermediate | 
pressure is reduced, the load is reduced — 
on both the low and the high pressure 

cylinders. 4 

Even though the discrepancies de. — 
scribed above may not, in some cases, be 
too hard to rectify, there is little excuse 
for us to make them. With the methods — 
so easy to use we should size the cylin. © 
ders to handle the correct throughput — 
and be able to predict the correct horse. — 
power requirement when gases deviate — 
from ideal gas laws. 

Above all, we should not fail to take © 
advantage of the marked reduction in 
the horsepower requirement for com- © 
pression due to supercompressibility. In — 
the high pressures regions, reductions — 
of 15 per cent are common. Cycling 
plants frequently process huge volumes — 
to high pressures and require large com- — 
pressor installations. A reduction of 15 
per cent in horsepower in such cases 
represents no small saving in money. In 
a recent cycling plant installation, tak- — 
ing advantage of the reduction in horse- 
power due to supercompressibility — 
meant the elimination of one compressor — 
unit that, including installation costs, — 
represented a saving that ran into 6 
figures. 

The methods that have been presented — 
will permit computations for compressor — 
cylinder capacity and horsepower under — 
conditions of supercompressibility to be — 
made with good accuracy. They are © 
simple and easy to use. It is hoped that — 
the illustrations regarding the magni- 
tude of the errors involved by neglecting — 
the deviation from ideal gas laws in re- — 
gions where it should be considered, and 
the savings that may be made by recog: — 
nizing this effect, have been sufficiently — 
convincing to encourage common use of 
these methods. 


6 
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- Like all details of Gaso Pumps, the design of 


the stuffing boxes is based not on theory 
but upon painstaking test and experiment 
geared to a definite objective ... In this case, 
the objective was tightness without undue 
tension ... It was attained through the adop- 
tion of extra-deep stuffing boxes, properly 
packed. Gaso’s are strong and dependable 
because every detail of their design is made 
to contribute to their strength and depend- 
ability — a fact confirmed by the selection of 
GASO’S for the all-important portable pipe- 
lines that carry oil to fighting fronts . . . Gaso 
Pump & Burner Mfg. Co., 902 East First Street. 
Tulsa, Oklahoma. Export Office: 149 Broad- 


way, New York. Shreveport: W. L. Somner 
Co., 419 Lake Street. Los Angeles: Production 
Equipment Co., 651-653 E. Gage Ave. 
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Vibration in Compressor Plant Piping* 


By M. L. ARNOLD, Richfield Oil Corporation 


Tour use of compression equipment at 
high rotative speeds and high operating 
pressures has made many of us uncom- 
fortably aware of a phenomenon called 
vibration, which arises specter-like and 
imparts the shakes to piping, designers, 
and operators. After once having been 
responsible for a condition of this kind, 
engineers dream of designing a plant 
that is entirely free of vibration. 


The purpose of this paper is to de-- 


scribe the avenues by which the engineer 
may be able to approach this Utopia, but 
first, we will briefly discuss the mechan- 
ical effect of vibration on piping, the 
mechanics of vibration, and the origin of 
the forces causing vibration in compres- 
sor plant piping. 

If piping is subjected to a stress stat- 
ically applied, it will rupture only if 
the stress exceeds the ultimate tensile 
stress of the metal composing the pipe 
wall. If the pipe is subjected to repeated 
bending, however, such as occurs during 
vibration, rupture may ‘occur even 
though the maximum stress in the metal 
has been far less than the ultimate ten- 
sile stress. Rupture of this type is re- 
ferred to as fatigue failure.’ 

In general, fatigue failure due to vi- 

‘bration is most likely to occur in highly 

stressed portions of the piping system, 
such as expansion bends, than in less 
stressed portions such as straight runs. 
Failure will occur earlier if the magni- 
tude, or amplitude, of the vibration is 
large than if the amplitude is small. It 
will occur at points where non-uniformi- 
ties such as notches or changes in cross- 
section occur, rather than in uniform 
sections of piping. 

Some of these points are illustrated in 





*Presented at meeting of California Natural 
Gasoline Association, December, 1944. 


Figs. 1, 2, and 3. Fig. 1 shows that the 
number of times a piece of steel can be 
bent before rupture occurs increases as 
the maximum bending stress decreases. 
The stress was varied from that shown on 
the figure to zero and back during each 
cycle. Such a curve is called an S-N 
curve. If a complete reversal of stresses 
had been effected during each cycle, that 
is, if the stresses had been varied from a 
tensile stress to a compressive stress of 
the same magnitude and back, the S-N 
curve would be parallel to the one shown, 
but at each point failure would have oc- 
curred at a lesser value of maximum 
stress. The value of the stress over the 
horizontal portion of the curve is re- 
ferred to as the endurance limit of the 
material. 

Fig. 2 shows the effect of various types 
of irregularities in cross-sections upon 
fatigue strength. Irregularites of form 
such as holes, threads, notches, sharp 
shoulders, etc., when present in a pipe 
or other member, may produce localized 
stresses. These stresses may be much 
greater than the stress calculated by the 
ordinary formulas of mechanics. For this 
reason irregularities in section must be 
considered in estimating the fatigue 
strength of piping.’ 

Fig. 3 illustrates the effect of max- 
imum stress and stress range upon en- 
durance strength. The ordinate is in per 
cent of the ultimate tensile strength of 
ferrous metal and the abscissa is arbi- 
trary. It is apparent that if the maximum 
stress is high, only a small range of 
stresses can be tolerated during each 
cycle. If a complete reversal of stresses 
occurs, the maximum permissible stress 
is 33 per cent of the ultimate tensile 
stress.’ If the maximum stress is greater 
than that shown in the diagram, then the 
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FIG. 1. Typical S-N diagram for a ferrous metal 
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range between the maximum and mini- 
mum stress must be reduced by reduc. 
ing the amplitude of the vibratory mo. 
tion. 

The simplest type of vibratory motion 
is known as free harmonic vibration. It 
is the type of motion that would be de. 
scribed if a system composed of a weight 
suspended on a frictionless spring were 
set in motion in a frictionless medium 
and no external force acted upon it. If 
friction is present, either in the spring 
or in the medium, the resulting motion 
is called free damped vibration. 

The maximum displacement of a vi- 
brating member, such as the weight re- 
ferred to, is called the amplitude of.the 
vibration. The movement from one posi- 
tion of maximum displacement, through 
the mean position to the opposite posi- 
tion of maximum displacement and re- 
turn to the original position is known as 
a cycle, the time required to complete 
one cycle as the period, and the number 
of cycles described per unit of time as 
the frequency. 

If a system capable of vibrating is set 
in motion, and no retarding forces act 
upon it, the frequency at which it oscil- 
lates is known as its natural frequency of 
vibration. If the motion is retarded 
(damped), both the amplitude and the 
frequency of the motion are diminished. 

If the retarding force is increased 
gradually, a value will be found for 
which the system will not vibrate, but 
when displaced from its position of rest, 
will slowly return to this position. The 
amount of damping just sufficient to ef- 
fect this is called “critical damping.” 


The effect of damping on the natural 
frequency @f vibration is given in Fig. 4. 
The ratio of the damped to the undamp- 
ed natural frequency is shown as a func- 
tion of the coefficient of damping. This 
coefficient is defined as the ratio of actual 
damping to critical damping. For the 
degree of damping ordinarily experi- 
enced it can be assumed that the natural 
frequency is not affected. 


In compressor plants we are interest 
ed, not in free damped vibration, but in 
forced damped vibrations. Forced damp- 
ed vibrations result from the action of 
periodic forces upon a system suscept- 
ble to vibration. Examples of such dis- 
turbing forces are those resulting from 
the periodic explosions of the charge in 
power cylinders and from the periodic 
discharge of gas from a compressor Ccyl- 
inder. If the frequency of the periodic 
force is the same as the natural fre- 
quency of -vibration of the system to 
which it is applied, the periodic force 1s 
said to be in resonance with the system. 

In general, the preceding remarks, 
and those that follow, apply to ary sys 
tem in which the static deflection of @ 
member is a linear function of the force 
applied. A piece of pipe with the ends 
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supported is such a system. Fig. 5 shows 
the natural frequency of vibration of 
yarious sizes of pipe supported in this 
manner, for various distances between 
supports. 

If a force is statically applied to a sec- 
tion of piping supported as described, 
the deflection can be computed from the 
usual formulas for deflection of beams. 
When the force is applied periodically, 


however, the resulting deflection, or am- 


plitude, may equal, exceed, or be less 
than the computed static deflection. 

The ratio between the deflection ob- 
tained when the force is applied period- 
ically and the deflection caused by the 
same force statically applied is called 
the magnification factor. 

This factor is variable with the ratio 
of the frequency of the applied force to 
the natural frequency of vibration of the 
system and with the coefficient of damp- 





FIG, 2. S-N diagram for specimens of irregular cross-section 
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ing of the system. The relationship is 
shown in Fig. 6. As shown by the figure, 
at resonance, a small disturbing force 
can cause a forced vibration of large 
amplitude. 

If several disturbing periodic forces 
act simultaneously on a system, the am- 
plitudes of the forces add algebraically. 
If the forces are of different frequency, 
beat frequencies result. For example, if 
the two periodic forces shown in Fig. 7 
act simultaneously on a system, the beat 
frequencies shown in Fig. 8 result. 

The disturbing periodic forces with 
which we are concerned in compressor 
plants originate from two sources. These 
are the rotating and reciprocating parts 
of the engine and compressor, and the 
discharge of gas from the compressor 
cylinders. 

The magnitude of the forces created by 
the moving parts depends largely upon 
the degree to which these parts have been 
counterbalanced. The frequency of the 
force is a function of engine speed and 
the number of cylinders. 

These forces are transmitted as pres- 
sure waves through the frame of the en- 
gine to the foundation and thence to the 
surroundings and piping. The pressure 
waves travel at a speed approximately 
equal to the velocity of sound in the ma- 
terial through which the wave is being 
transmitted.” 

The amplitude of the pressure waves 
is considerably reduced by damping dur- 
ing transmission. A further reduction in 
force occurs by reflection when the wave 
is transmitted from a material in which 
the velocity of propagation is high to one 
in which the velocity is lower. For ex- 
ample, at the interface between the cast- 
iron bed plate and the concrete founda- 
tion, approximately 73 per cent of the 
force of the waves is reflected back into 
the engine frame. The force is further 
reduced as the wave passes from con- 
crete to dry earth. Even though these 
forces are greatly diminished before 
reaching the piping, they cannot be dis- 
missed as possible causes of vibration. 
for it has been shown in Fig. 5 that at 
resonance, the magnification factor may 
approach infinity, and very small forces 
cause vibrations of large amplitude. 

The disturbance due to the periodic 
discharge of gas from the compressor 
cylinder is evidenced principally at 
points of change in direction of the pip- 
ing. When a fluid flowing through a 
pipe is made to change direction, as at a 
tee, elbow, or pipe bend, a reactive force 
is created. The magnitude of this force 
is proportional to the mass velocity of 
the flowing fluid and to the change in di- 

rection.” As the velocity of flow from a 
compressor cylinder varies periodically, 
a periodic reactive force is created when 
the gas is caused to change direction. 
The frequency of the force is a function 
of the speed of the compressor, the num- 
ber of cylinders connected to the line, the 
crank angle between the cylinders, and 
whether the cylinders are single or dou- 
ble acting.” 

This periodic discharge of gas is also 
sometimes responsible for the existence 
of abnormal pressures in compressor 
piping. This results from the formation 
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of standing pressure waves in the pip- 
ing. These are created by reflection when 
the length of a discharge pipe is such 
that its resonant frequency is equal to 
the frequency of the discharge of gas 
from the compressor cylinder. The reson- 
ant frequency of a pipe is a function of 
its length and the velocity of sound in 
the gas flowing through it.” 

At this point we are in a position some- 
what similar to that of a young man 
has been sitting on a pier listening to a 
lecture on the theoretical aspects of 
swimming, such as the laws of gravity 
and bouyancy, but who has never been 
in the water. So suppose we all take a 
deep breath and prepare to try out some 
of the theory to which we have been lis- 
tening. Before actually taking the 
plunge, however, it might be well to sum- 
marize briefly the discussion so far. It 
can be done as follows: 

1. Vibration in compressor plant pip- 
ing is caused by periodic forces 
originating in the compression 
equipment. 

2. These periodic forces are trans- 
mitted from the equipment to the 
piping either through the founda- 
tions and surroundings or by means 
of the flowing gas. 

3. The vibration resulting from the 
application of these periodic forces 
to the piping is most likely to be 
destructive if the frequency of the 
forces is approximately equal to 
the natural frequency of vibration 
of the piping. 

This summary indicates that there are 
three avenues of approach to the solu- 
tion of the problem of designing a com- 
pressor plant that will be free of trou- 
blesome piping vibration. These avenues 
are as follows: 

1. Design the compression equipment 
in such a way that all disturbing 
forces are eliminated. 

2. Isolate the sources of disturbing 
forces from the piping system. 

3. Design the piping system in such 
a way that it will not be affected 
by any of the periodic forces likely 
to occur. 

These avenues will be explored one 

by one. 

The problem of designing equipment 
that is free of disturbing forces we will 
leave to the equipment manufacturers. 
In a paper presented before the Associa- 
tion by Engleman and Chrzan, we were 
told of the extent to which it is possible 
to reduce engine unbalance.* 

Forces due to unbalance can also be 
minimized by resorting to massive foun- 
dations. In this respect it has been stated 
that the soil on which a foundation rests 
adds considerably to the effective mass 
of the foundation because the mass of the 
soil, as well as the mass of the founda- 
tion must be accelerated during lateral 
vibration.“ This would indicate the de- 
sirability of compressor foundations hav- 
ing large spread footings. 

The forces arising from the periodic 
flow of gas from the compressors will 
probably always be with us, unless re- 
ciprocating compressors are replaced 
with units of the centrifugal or rotary 
type. The flow from a reciprocating ma- 
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FIG. 4. Effect of damping on natural frequency of vibration 
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FIG. 5. Natural frequency of vibration of pipe with supported ends 
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chine can be improved, if instead of a 
single large cylinder several small cyl- 
inders are used, driven by throws uni- 
formly spaced around the crankshaft. 
This will decrease the amplitude of the 
disturbance, but the frequency will be 
increased. , 

In other industries much progress has 
already been made along the second ave- 
nue of approach. It has been demon- 
strated that a source of disturbing pe- 
riodic forces, such as a gas engine, can 
be isolated from its surroundings with 
almost any desired degree of complete- 
ness by mounting the machine on elastic 
supports. For small masses, springs, rub- 
ber, corkboard and felt supports are 
available. For large masses, springs or 
springs in combination with one of the 
other materials, are generally used. It 
is stated that machines weighing up to 
450 tons have been satisfactorily isolated 
in this way.” 

Buildings have been isolated from vi- 
brations transmitted to foundations by 
erecting the columns on pads made of 
alternate layers of lead and asbestos.” 

Great care must be used in designing 
elastic supports. If improperly designed, 
the forces transmitted to the surround- 
ings may be magnified rather than re- 
duced. 

The ratio of the force transmitted 
through an elastic support to the dis- 
turbing force is called the transmissibil- 
ity of the support. The transmissibility 
is a function of the ratio of the frequency 
of the force being isolated to the natural 
frequency of vibration of the elastic sup- 
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Fig. 7. Graphical representation 
of force causing harmonic vibra- 
tion. 


FIG. 8. Beat frequency resulting 
from simultaneous action of 
forces shown in Fig. 7. 


Reference—Freberg and Kemler: Ele- 
ments of Mechanical Vibration 
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port. Fig. 9 shows, for various damping 
coefficients, how this ratio affects the 
transmissibility. It is apparent that un- 
less the ratio is greater than 1.414, no 
reduction is accomplished, and that if 
the ratio is in the vicinity of one, the 
force transmitted to the surroundings is 
increased. 

Damping is undesirable for ratios 
greater than 1.414 unless the disturbing 
force is of such a variable frequency, 





FIG. 6. Magnification factor 
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that the ratio may approach one during 
a portion of the operation. In this case, 
a damping device must be used. It can 
be adjusted to come into action only in 
case the amplitude of the transmitted 
force exceeds a certain value. 

Fig. 10 shows for various disturbing 
frequencies and percentage reduction of 
force, the natural frequency required of 
the elastic support, and also the amount 
that the support must deflect statically 
when loaded with the machine it is de- 
sired to isolate. 

The theory of elastic engine supports 
has been discussed at length in a paper 
by Rosenzweig.” 

As an alternate to isolating engines 
from the piping, piping can be isolated 
from the engines. If it is necessary to 
support piping from the engine founda- 
tions or from structures affected by en- 
gine vibrations, elastic piping supports 
can be used. These may be steel springs 
if the piping is suspended from a struc- 
ture, and steel springs or rubber if the 
piping is supported from the foundation. 

In this latter case, the piping can also 
be protected from pressure waves trans- 
mitted from the foundation by causing a 
portion of the force of the wave to be 
reflected back into the foundation. This 
is accomplished by interposing between 
the support and the foundation a layer 
of material in which the velocity of sound 
is low as compared to the velocity of 
sound in concrete. Examples of such ma- 
terials are rubber, cork, and dry sand. 
If rubber is used, approximately 80 per 
cent of the force will be reflected back 
into the concrete. 

The problem of isolating pipe bends 
from changes in velocity of the flowing 
fluid is more difficult. Some degree of 
uniformity of flow in the lines to and 
from the compressors may be attained 
by the use of apparatus similar to that 
used to muffle the exhaust from an en- 
gine; however, the problem is more dif- 
ficult. A muffler attempts only to sup- 
press vibrations in the audible sound 
range whereas here we are concerned 
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FIG. 9. Transmissibility of elas- 
tic supports. 
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FIG. 10. Vibration isolation frequency—Static deflection chart 
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with securing a constant flow velocity. It 
may be possible to solve the problem by 
acoustical methods.” 

The third and final avenue of approach 
is careful, intelligent piping design. Sup- 
ports should be spaced so that no part of 
the piping system has its natural fre- 
quency of vibration equal or nearly equal 
to the frequency of any periodic force 
created by the engine or compressor. As 
was noted in the discussion of Fig. 6, 
if the supports are spaced so that the 
ratio of the frequency of the disturbing 
force to the natural frequency of the pip- 
ing is greater than 1.4, magnification fac- 
tors of less than one can be obtained. 
This will result in piping that will be 
almost free of vibration. A disadvantage 
of designing for ratios in this range is 
that when an engine is shut down, at 
some instant before it comes to rest, the 
frequency of the forces that it emits will 
be in resonance with the piping. This 
might cause destructive vibration. Al- 
though this difficulty can be overcome 
by installing vibration dampners on the 
piping, it is probably safer practice to 
design for ratios of between 0.25 and 
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0.50, even though this results in mag- 
nification factors slightly greater than 
one. 

Particular attention must be given to 
supporting piping at points where 
changes in direction occur. At these 
points, the piping is subject to both the 
forces eminating from the engine and 
those set up by the pulsating flow of gas 
from the compressor cylinders. In case 
the change in direction is installed for 
the purpose of securing flexibility, it may 
be necessary to use springs or other types 
of elastic supports. 


It might be possible to eliminate vi- 


bration in expansion bends if they were 
designed to be symmetrical about an 
axis coincident with that of the main 
pipe line. In this case components -of 
pressure in all directions, except the 
original direction of flow, would neu- 
tralize each other. 

Lengths of piping between the com- 
pressor cylinder and the surge chamber 
or header, and between surge chamber 
and header, or between headers, should 
not be equal to the resonant length for 
the frequency at which gas pulsates in 


the line. If resonant lengths cannot be 
avoided, the magnitude of the standj 
pressure wave formed can be limited by 
installing a condenser or surge chamber 
in the line near the compressor cylinder. 
The required volumetric capacity of the 
condenser is a function of the piston dis. 
placement of the cylinder, the norma] 
pressure in the line, and the permissible 
pressure rise.” ‘ 

Now, even the best engineers some. 
times make mistakes. Either errors of 
omission, or the other kind. So it ig a). 
ways well to have a few aces up the 
sleeve just in case there is a joker some 
where in the design. The standard meth. 
od of dealing with a vibrating pipe is 
to install more supports and more and 
heavier pipe clamps. This is equivalent 
to increasing the natural frequency of 
vibration of the piping. The natural fre. 
quency of vibration of a section of pip. 
ing can also be increased by attaching 
a spring to it. The spring is selected and 
loaded so that the natural frequency of 
the spring, load, and piping is sufficient. 
ly greater than the disturbing frequency 
to reduce the magnification factor by the 
required amount. 

Another approach as indicated by the 
Magnification Factor Chart, Fig. 6, is to 
reduce the number of supports. In this 
way magnification factors of less than 
one can be obtained. The hazards of this 
approach should be kept in mind when 
it is used. 

The amplitude of the vibration can 
also be limited by the installation of 
damping devices such as hydraulic shock 
absorbers or friction type snubbers. 

Another effective means of reducing 
vibration in piping is the use of dynamic 
vibration absorbers. These consist of a 
weight suspended on an elastic member 
from the vibrating piping. The natural 
frequency of the weight and elastic su- 
spension should be the same as the nat- 
ural frequency of the vibrating member. 
The relationship between the amplitude 
of the vibration of the original member 
in such a system and the ratio of the fre- 
quency of the disturbing force to the 
natural frequency of the compensating 
system is shown in Fig. 11 for zero damp- 
ing and for a damping coefficient of 0.10. 
Inspection of the figure shows that the 
device cannot be used if the range of 
disturbing frequencies is too great. 

These remarks practically conclude 
the paper. Some of you, no doubt, would 
have appreciated a mathematical presen- 
tation of the subject. This was purposely 
avoided because the mathematics is fully 
developed in books dealing with special 
phases of the subject. These books and 
some of the formulas to be found therein 
are listed in the appendix. 

The principal aim of the paper has 
been to give you a Cook’s tour prospectus 
of the three avenues of approach to the 
problem of designing compressor plants 
that will bé free of troublesome piping 


vibration. It will have been accomplished, 


if you have been encouraged to further 
explore these approaches. 


FORMULAS 


A. Fatigue strength. 
Reference: Johnson: Materials of 
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Construction, chapter 28. 

A formula for determining the maxi- 
mum permissible unit stress during a cy- 
cle is as follows: 


0.5 Su 
Sex =] —0. Sr 
S, = ultimate tensile strength of the 


material. 

r=ratio of minimum to maximum 
stress during the cycle. 

§, can be replaced by S,.. 

Su 

*« ~ Factor of safety 

Another formula, developed on a dif- 
ferent basis, is as follows: 

2S, 
(l1—r)+ S, (1+ r) 
Ss 

S, =the endurance 
pletely reversed stresses. 

S, = yield strength. 

B. Vibration. 

Reference: Freberg and Kemler: Ele- 
ments of Mechanical Vibration. 

]. Free harmonic vibration. 

The natural frequency of vibration 
(f,) of a mass suspended from a spring 
of negligible mass is: 
¢ = —g/ KE 
"22 YW 
K = spring constant (lb.) /(in.). 

g = acceleration (in.) /(sec.)* due to 


Dies 


limit for com- 


gravity. 
W = weight (lb.) 
Tt = 3.1416 


f, = natural frequency of vibration. 

cycles per sec. 

The spring constant’ (K) for two 
springs in parallel and having constant 
K, and K,, respectively is: 

K=K,+ K, 

If the same springs operate in series, 
the constant (K) for the system is: 

K K, K, 
~ K,+K, 

The spring constant is further de- 
fined as: 





dd : 


F = force in lb. acting on spring. 


d = deflection of spring in in. 
i 
=X ; 
K 1 
Wrd 
1 le 
errs fr 


The natural frequency of vibration of 
a beam, such as a pipe between supports, 
can be approximated by computing the 
maximum deflection due to its own 
weight and substituting in the above 
formula. For an exact method see Timo- 
shenko: Vibration Problems in Engi- 
neering. 

2. Forced damped vibration. 

If a periodic force acts upon a system 
susceptible to vibration, the amplitude 
of the resulting vibration is: 


ACW) (ek 
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FIG. Ll. Effect of dynamic vibration absorbers , 
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RATIO OF FREQUENCY OF DISTURBING FORCE TO NATURAL FREQUENCY 
OF VIBRATION ABSORBER 
Reference—Freberg and Kemler: Elements of Mechanical Vibration 


1.0 1.2 4 1.6 18 19 








X = amplitude of the forced vibra- 
tion. 
V = Frequency of the disturbing 
force (radians per second). 
W, =2 z f, radians per second. 
C = coefficient of damping = ratio 
of actual damping to critical 
damping. 


Critical damping = 2 : W, 


The term 
l 


(-(%) ) +(eee) 


is called the magni- —— 
fication factor and is 





. (Ke) * 
wa = (4) 


K.g\ % 

wi) 

_ This function is shown graphically in 
Fig. 8. When V = Wn, the amplitude of 
the motion of W, may be reduced to zero 
by making 

K, K, K ] 

WV. = W,’ or since = > 

] 1 


this may also be expressed as =, 
d,  d, 


Wa; > 





The amplitude of motion of W, is: 


1 —— 





shown in Fig. 6. Xx _¥ 
3. Elastic sup- a * 1—( 
ports. . 








Ly | [: ee ( cE |-& 





If a vibrating ma- 
chine is supported on a substructure by 
an elastic medium, the ratio of the force 
transmitted to the substructure to the 
disturbing force is: . 


21% 
1+(2cqr) 

















(Gey) Heer) 


T.R. = transmissibility = ratio of 
force transmitted to substructure to dis- 
turbing force. This relationship is shown 
graphically in Fig. 9. 

4. Dynamic vibration absorber. 

If a body is vibrating it is possible to 
reduce or eliminate the vibration by sus- 
pending from the vibrating body a 
weight supported by an elastic member. 
If W, and K, represent the weight and 
spring constant of the system in which 
the vibration is occurring and W, and 
K, represent the weight and spring con- 


C. Propagation of pressure waves. 

Reference: Thornton: Mechanics Ap- 
plied to Vibration and Balancing, chap- 
ter 4, 

The rate of propagation of pressure 
waves through an elastic medium is: 


Eg \*% 

ow 

a = rate of propagation of disturb- 
ance (ft.) /sec. 

E = modulus of elasticity of medium 
(Ib. ) / ( ft.) * 

g = acceleration of gravity 
(ft.) / (sec.)* 

d = density (lb.) /(ft.)* 


This is sensibly the velocity at which 
sound is propagated in the material. 

At the interface between two materials 
havihg dissimilar values of a, a portion 
of the stress due to pressure waves will 
be reflected back. If P, is the stress due 
to the original wave, then the reflected 
stress will be: 
































stant of the system suspended from it to Pp, = (E, d,) * en (E, d,) * p 
control the vibration, then the amplitude ol (E, de) * + (E,d,)*9 * 
of the movement of W, is as follows: ee 
2 
(ws) 

ae nl x - F { } Wo, 

) | — K, : ‘4 2 , K, V 2 _K 

j | 3, tr K, 
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The transmitted stress is: 


- Pa 


P, l ' E, d, r) 
T\ ELD, 


Subscript 1 refers to the medium from 
which the stress is being transmitted. 
Subscript 2 refers to the medium to 
which the stress is being transmitted. 
A negative value indicates that the re- 
flected or transmitted stress produces a 
state of tension. 

D. Pressure due to deviated flow. 

Reference: Marks: Mechanical Engi- 
neers Handbook, 4th edition, p. 279. 

If the direction of flow of a stream is 
changed, the pressure or thrust in the 
direction before turning is: 





P = (Qw V/g) (1—cosB) 
Q = quantity flowing per sec. 
w = weight of unit volume of fluid. 

V = velocity of fluid. 

g = gravity acceleration constant. 

B = angle through which flow is de- 
viated, measured from direction 
hefore turning. 

The total resultant pressure is: 

P = (QwV/g) [2(1 — cosB) |” 

The direction of the resultant force i- 
90° from midway between the original 
and final direction of the flowing liquid. 

E. Resonant length of pipes. 

Reference: Olson: Elements of Acous- 
tical Engineering, p. 47. 
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What does Thermostatic Control and perfect bond 
mean to Steel Pipe Protection? 


It means that in order to get a perfect bond, free 
from holidays and imperfections, the process of 
(1) Cleaning, (2) Priming, (3) and (4) Multiple 
Coating, (5) Asbestos Felt Wrapping and (6) ad- 
ditional Coating must be accurately machine con- 


Thermostatically controlled and agi- 
tated kettles must give positive and cor- 
rect temperature of enamel at point of 
application. The Steel Pipe must re- 
volve at proper speed, to assure even 
distribution of hot enamel. The Hill- 
Hubbell proc- 
ess makes the 


job absolute |) i sussent iturine 
Steel Pipe Pro- | or other standard | 
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| pipe protection, is me- | 
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der positive thermo- 
static control, 

Specification TAX-1 is 
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The fundamental resonant frequency 
of a pipe open at both ends is: 


a 
{ = aL 
If the pipe is closed at one end: 
a 
{= iL 
f = resonant frequency in cycles per 
sec, 
a = velocity of sound in gas in ft. per 
sec. 


L = Jength of pipe in ft. 

In the case of a pipe closed at one end, 
such as between a compressor cylinder 
and surge chamber or header, lengths 
corresponding to the fundamental fre. 
quency should be avoided, and if pos. 
sible the second harmonic. 

In the case of a pipe open at both 
ends, such as between a surge cham. 
ber and a header, or between two head. 
ers, lengths corresponding to the funda- 
mental and, if possible, the third har. 
monic, should he avoided. 

F. Weight of foundation. 

Reference: Slocum: Noise and Vibra. 
tion Engineering, p. 44. 

The weight of a foundation that will 
result in a given amplitude of the lateral 
motion b of a foundation and reciprocat- 
ing machine of horizontal type is given 
as follows: 


r \ 
w= ba+K) * 
nd ‘. 1 W,: 
[w.+w.(1+ :)| ree 


W, = weight of foundation. 

W, = total dead weight of engine, lb. 

W, = weight of reciprocating parts, lb. 

W, = weight of eccentric rotating 
parts, lb. 

r = crank radius, in. 

b = amplitude of vibrating motion, 

in. ; 

q = length of connecting rod/length 

of crank. 

k = ratio of mass of soil accelerated 
to mass of foundation. In the ex- 
ample given, the factor was as- 
sumed to be 10. 


I 
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Experimental Determinations of Water Vapor Con- 
tent of a Natural Gas Up to 2000 Pounds Pressure* 


by GEORGE F. RUSSELL,* ROBERT THOMPSON,? FRANK P. VANCE,S R. L. HUNTINGTON? 


‘ Introduction. The removal of water 
vapor from natural gas is an important 
operation in connection with the pro- 
duction and transportation of this com- 
modity because: 

]. Liquid water accelerates internal 
corrosion of a pipe line. 

2, Accumulation of water at low 
points in a pipe line reduces markedly 
its capacity. 

3. Gas hydrates, icy snowlike growths, 
form readily under high pressure in the 
presence of the lower hydrocarbons and 
water, often plugging up the pipe line. 

In order to design dehydration plants 
for stripping the gas of its water con- 
tent, it is essential that the engineer have 
a knowledge of the saturated or equilib- 
rium water-vapor content of the gas to 
be processed. With the gradual increase 
of operating pressures around gas-pro- 
ducing wells and pipe lines, it was ob- 
served that the quantity of water recov- 
ered from dehydration plants or con- 
densed in colder lines was considerably 
greater than had been expected from 
calculated contents, based on vapor- 
pressure data taken from steam tables. 

This observation prompted a number 
of investigators, for instance, Laulhere,® 
Deaton,! and Hammerschmidt? to carry 


*Presented before the American Institute of 
Mining and Metallurgical Engineers, Houston, 
Texas, May, 1944. Published in Petroleum Bech- 
nology, January, 1945. 

7School of Chemical Engineering, University 
of Oklahoma, Norman, Oklahoma. 

tSouthport Petroleum Co., Texas City, Texas. 
Formerly School of Chemical Engineering, Uni- 
versity of Oklahoma. 

§U. S. Navy, New York City, N. Y. Formerly 
School of Chemical Engineering, University of 
Oklahoma. 
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FIG. 1. Flow sheet of apparatus for determining water content. 








FIG. 3. Thermostatic bath containing saturator. 


vul experimental work at pressures up 
to 600 lb. per sq. in. in order to deter- 
mine quantitatively the water content of 
various gases. Sage, Lacey, et al.*:5 have 
recognized more recently the need for 
such data at higher pressures, but their 
work was done at temperatures of 100° 
F. and higher. As hydrate formation 
usually, if not entirely, occurs at tem- 
peratures below 100°F., the present in- 







FIG. 2. Three-stage 
gas compressor. 
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vestigation was confined to the lower 
temperature range at pressures from 
600 to 2000 lb. per sq. in. gage. 

@ Experimental apparatus, materials 
and procedure. The natural gas used 
throughout the investigation, was ob- 
tained from the mains of the Oklahoma 
Natural Gas Co. Its composition, deter- 
mined by means of the Orsat and low- 
temperature fractional analyses, was as 
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FIG. 4. Water content as a function of temperature at 


FIG. 5. Water content versus pressure at indicated con- 
stant temperatures. Broken lines calculated from vapor 
pressure of water, assuming ideal gases. 


FIG. 6. Ratio of actual to calculated water content 
as a function of pressure at indicated constant tem- 
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shown in the accompanying table. 
‘ Mol or volume 


. 


tem are self-explanatory. The system 
pressure was manually controlled with- 
in +5 lb. per sq. in., and proved with a 


In determining the water-vapor con- 
tent of high-pressure natural gas, the 
conventional drying tube method was 
used. This method simply employs a 


Component per cent 
— en dead-weight tester. 
Methane _. 94.36 
Ethane SCRE ee _. 2.64 
Teese ........... a 
Butanes plus _........_-_-_...... 0.44 


The apparatus used for the determina- 
tion of saturated water-vapor content of 
high-pressure natural gas consisted of 
two sections. The first section was the 
water saturator packed with fine-grained 
Ottawa sand in a constant-temperature 
bath followed by a superheater and ex- 
pansion valve. The second section was 
the water-absorption system followed by 
a wet testmeter for measuring the gas 
volume passed. 

The temperature of the saturator was 
maintained within +0.5°F. by circulat- 
ing water in a bath and agitating with 
air. This control was aided by the thain- 
tenance of a constant room temperature 
approximately 10°F. above that of the 
saturator. By having an elevated room 
temperature, water condensation in ex- 
posed lines was prevented. A flow dia- 
gram (Fig. 1) and two photographs 
(Figs. 2 and 3) of the experimental sys- 
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highly hygroscopic sorbing agent (an- 
hydrous magnesium perchlorate) to re- 
move substantially all the water vapor 
from a known volume of gas. The in- 
crease in weight of the drying tubes per 
standard cubic foot of dry gas was taken 
as the quantity of water present. 


To ensure practically complete re- 
moval of all water vapor present, two U- 
tubes were used in series. The gas was 
passed through the train at a constant 
rate of 6 std. cu. ft. per hour. It was 
found that this rate was the maximum 
allowable if the first drying tube was 
to retain 95 per cent or more of the total 
water removed from the gas. The crite- 
rion for complete water extraction was 
that the second, or scavenging, tube 
should not increase in weight more than 
5 per cent as much as the first tube. 
To prevent hydrocarbon adsorption dur- 
ing the tests, the drying tubes were sat- 


urated with hydrocarbons by purging 
the train with natural gas before each 
test. 

The length of time required for each 
series of check determinations was from 
2 to 3 hr., during which 12 to 18 std. cu. 
ft. of gas were passed. During this time 
the room temperature, as well as the 
saturator temperature, was held con- 
stant. This constant room temperature 
was necessary to make discrepancies in 
gas-meter volume correction as low 4s 
possible. 


To establish at constant pressure the 
trend of water-vapor content wit 
change in temperature, several e 
spaced tests at temperatures between the 
hydrate line and 100°F. were made. It 
is to be noted that the minimum tet 
perature was fixed by the complete fret 
ing up of the system, through which no 
gas would pass. To prove that equilib 
rium was definitely established in the 
saturator, several trial runs were 
in which the inlet gas was undersatut 
ated and oversaturated with water. N 
change in the outlet, or equilibrium, & 
was detected. 


For the maintenance of a steady flow 
through the system, the water-saturé 
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TABLE 1 
Experimental data. 
Barometric pressure = 14.1 Ib. per eq. in. abs. 





Gauge pressure, Temperature, Water 
). a content*” 
1000 | 50 14.3 
1000 51 15.1 
1000 | 66 23.1 
1000 76 27.5 
1000 86 38.3 
1000 _ ml 44.1 
1000 93 45.2 
1500 60 14.5 
1500 78 22.2 
1500 81 25.5 
1500 85 27.3 
1500 93 36.8 
2000 70 15.6 
2000 78 20.0 
2000 95 31.6 
| 








_ *The water contents shown represent the arithmetic 
average of four separate determinations, which were 
made at the same temperature and pressure. They are 
expressed as pounds of water vapor associated with 
1,000,000 cu. ft. of bone-dry gas when measured at 
60°F. and 14.7 lb. per sq. in. abs. 











gas was heated to 210°F. -before it was 
allowed to expand to atmospheric pres- 
sure. This successfully prevented the 
formation of gas hydrates in‘the expan- 
sion valve. 

Experimental data are given in Table 


1, 


@ Discussion of results, A plot (Fig. 
4) of the logarithm of water content ver- 
sus temperature gives substantially 
straight lines for constant pressures 
from 1000 to 2000 lb. per sq. in. The 
lines are based upon data obtained dur- 
ing this investigation, as well as those 
from Deaton’ and Sage et al.*:> The cal- 
culated curve from the vapor-pressure 
data on water holds true for lower pres- 
sures. 

A cross plot of Fig. 4 is shown in Fig. 
5, in order to give a picture of the devia- 
tion, upon changing temperature and 
pressure, of the actual water content 
from values as calculated from the vapor 
pressure of water and assuming ideal 
gases. 

The ratio of actual to calculated water 
content is shown in a different manner in 
Fig. 6. This plot clearly shows that the 
deviation from the ideal increases with a 
decrease in temperature. Deaton found 
that the water content in the presence of 
helium was not affected by pressure. 


@ Acknowledgment. The authors wish 
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DULL IN 
3 DAYS 


zy 


STILL SHARP 
AFTER 30 DAYS 


The two ditcher teeth pic- 
tured above were used on the same machine 
and operated under identical conditions. 

The unprotected tooth at the top had to be 
sharpened every three days and was too short 
for further service after six sharpenings. 

But the Borium-protected tooth at the bottom 
operated for 40 days and wore only 2”. It 
was simply resharpened in the forge, retipped 
with Tube Borium, and put back on the ditcher 
for another 40 days’ service. 

Before the tooth was finally worn out, it had 
operated a total of 120 days! 

Tube Borium makes such savings possible be- 
cause the deposits represent the ultimate in 
weor resistance and the ability to cut hard 
earth formations. 


*Stoody Tube Borium is supplied in rods of Ya", 
X,", Va’ and Y%" diameters and is available 
for either oxyacetylene or D.C. electric appli- 
cation. Prices and specifications are yours for 
the asking. 





These tungsten carbide particles do not melt 
when tube is applied but are held in suspen- 
sion in o mild steel matrix forming a deposit 

resembling coarse sandpaper. 
Ls 








| Send for free booklet on TUBE 
| BORIUM, showing sizes and 
styles of rods and recom- 
mended methods of application. 


STOODY COMPAN 


1142 West Slauvson Ave., Whittier, Calif. 


STOODY HARD-FACING ALLOYS 


Stop wear... Eliminate Repair 
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PRIMING FOR PEACE 


The Petroleum Administrator for War 
calls it an “amazing performance.” 
The president of A. P. I. terms it an 
“industrial miracle.” Whatever it's 
called, the story of petroleum rates a 
bright page in the history of wartime 
achievement... It’s a story of team- 
work made possible by the inventive- 
ness and ingenuity of the petroleum\ 
industry and the speed and courage 
with which petroleum men fy opt im- 
proved processes and prac 

When the wartime story of pqfroten 
is ended—in Tokyo—look fotéa sequel 
in the form of new and important 
contributions to peacetime living. 


iIALLIBURTON OIL WELL CEMENTING CO. 











